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1.0  INTRODUCTION 


The  hydraulic  transient  analysis  (HYTRAN)  computer  program  is  intended 
for  use  by  designers  with  an  interest  in  the  detailed  performance  of  an  aircraft 
hydraulic  system  or  the  response  of  a load,  where  the  supply  system  is  an 
integral  part  of  that  response. 

An  aircraft  hydraulic  system  is  basically  a power  source  connected  to 
several  loads.  Under  steady  state  conditions,  where  only  the  pump  and  fluid 
are  moving,  the  flows  and  pressures  at  various  points  in  the  system  car.  be  cal- 
culated using  non-time  dependent  formulae.  However  the  unsteady  flow  conditions 
which  are  more  normal,  cannot  be  analyzed  using  simple  formulae.  The  pump  is 
basical."  y a closed  loop  servo  which  has  a time  varying  output  and  responds 
continuously  to  system  pressure  changes.  These  changes  propagate  through  the 
.system  at  the  speed  of  sound  in  hydraulic  oil,  which  is  about  4000  ft/sec. 

The  system  components  respond  to  these  pressure  and  flow  changes,  and  to 
external  load  and  control  disturbances. 

The  program  simulates  the  complete  system  and  calculates  the  value  of  all 
the  flows,  pressures  and  state  variables,  throughout  the  system. 

This  allows  the  designer  to  study  the  dynamic  response  of  any  variable, 
such  as  a check  valve  poppet  position,  an  actuator  piston  velocity,  the 
pump  swash  plate  acceleration,  etc.,  since  all  these  variables  are  calculated 
as  part  of  the  system  simulation. 

The  program  is  composed  of  five  basic  parts,  inpit,  steady  state  calcula- 
tion, line  simulation,  component  simulation,  and  output. 

The  designer  inputs  data  describing  the  lines,  components  and  system 
configuration.  Since  the  simulation  is  only  as  good  as  the  data,  some  of  the 
information  required  for  components  such  as  a pump,  is  very  detailed. 
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Fortunately  there  are  only  a few  components  like  this  and  often  these 
are  common  to  many  systems;  e.g.  DC-10  pumps  are  used  on  the  747,  L1011,  and 
A300. 

The  steady  state  section  of  the  program  balances  the  pressures  and  flows 
in  the  system  and  calculates  the  initial  values  for  all  the  system  state  vari 
ables.  Once  the  initial  values  are  established  at  zero  time,  the  program 
starts  by  calculating  for  a small  change  in  time  delta  T,  new  flows  and 
pressures  at.  the  junction  between  the  line  segments. 

The  lines  are  divided  into  segments,  the  length  of  each  segment  being 
greater  than  or  equal  to  the  velocity  of  sound  in  the  line  multiplied  by  the 
time  interval,  delta  T.  There  is  a whole  number  of  segments  for  each  line. 

If  a calculated  line  length  segment  ends  up  longer  than  the  line  length, 
the  program  will  adjust  the  velocity  of  sound  as  required  to  achieve  one 
whole  segment  and  continue  to  run.  The  percent  error  in  the  velocity  of 
sound  used  will  be  printed  out. 

Once  the  new  pressures  and  flows  have  been  established  for  the  line 
junction,  the  program  calculates  new  values  for  the  state  variables  of  all 
the  components,  and  the  flows  and  pressures  at  the  junctions  between  the 
components  and  the  lines. 

The  program  continues  to  march  forward  in  time  delta  T intervals, 
first  calculating  the  line  and  then  the  component  variables. 

The  output  part  of  the  program  selects  the  variables  that  are  required 
as  output  or  output  plots,  at  specified  time  steps,  since  it  is  not  always 
necessary  to  plot  every  value  that  was  calculated.  ^Tien  the  program  calcula- 
tions are  completed,  the  output  is  then  printed  and  plotted. 

The  controlling  input  to  the  system  will  usually  be  a sudden  load  demand 
from  a surface  actuator  or  some  similar  load  function.  This  is  input  as  a 
time  dependent  valve  motion  or  input  demand. 


1.0-2 


The  output  is  essentially  a time  history  of  selected  system  variables 
which  have  been  disturbed  by  the  controlling  input. 

Since  the  program  actually  advances  in  discrete  time  steps,  it  can  be 
integrated  into  other  simulations,  if  the  cost  of  running  can  be  tolerated. 

This  users  manual  describes  how  the  program  can  be  used,  the  method  of 
inputting  data  and  the  interpretation  of  the  output.  Volume  2 contains  a 
technical  description  of  program,  and  the  theory  used  in  the  calculations. 
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2,.0  TECHNICAL  SUMMARY 


The  HYTRAN  program  is  intended  for  use  by  engineers  with  different 
interests.  Some  will  be  concerned  with  the  performance  of  the  hydraulic  system 
as  a whole,  while  others  will  be  interested  in  the  detailed  performance  of 
individual  components. 

HYTRAN  uses  a building  block  approach  which  allows  the  programmer  to 
meet  these  needs  by  adding  special  component  subroutines  as  required  to  the 
existing  component  subroutine  library. 

The  program  is  supported  by  a number  of  specialized  utility  routines, 
which  have  been  included  to  avoid  program  incompatibility  with  other 
computer  systems.  In  the  development  of  HYTRAN,  the  emphasis  was  placed 
on  the  performance  of  the  hydraulic  system  as  a whole,  and  its  components  are 
considered  only  to  the  extent  to  which  they  affect  the  total  system  response. 

The  transient  analysis  is  a digital  simulation  process,  which  treats 
the  fluid  lines  with  distributed  parameters,  applying  the  concepts  of  wave 
mechanics,  and  including  the  effects  of  nonlinear  friction.  The  fluid  line 
equations  are  solved  with  the  help  of  the  method  of  characteristics.  The 
dynamic  equations  of  the  components  are  either  algebraic  or  ordinary 
differential  equations.  These  form  the  boundary  conditions  of  the  lines 
and  are  solved  simultaneously  with  the  associated  line  characteristic 
equations.  A numerical  scheme  is  used  to  make  the  grid  of  characteristics 
compatible  with  the  integration  techniques  used  by  the  components. 

The  input  to  the  system  is  normally  a valve  motion,  which  causes  a 
disturbance  to  propagate  through  the  mathematical  model.  The  output  of 
the  program  is  the  time  histories  of  pressure  and  flows  at  any  point  in  the 
system  and  other  variables  of  interest  such  as  actuator  positions. 


In  the  simulation  of  the  components,  the  precision  of  the  model  used  will 
depend  upon  its  use.  If  the  user  is  studying  the  dynamic  stability  of  a pump 
system,  then  an  accurate  model  is  required.  If,  however,  the  user  is  studying 
an  actuator  out  at  the  end  of  the  line  system,  the  pump  response  could  be  simu- 
lated using  a simpler  model;  hence  saving  some  running  costs.  In  a similar 
manner,  actuator  friction  has  a significant  effect  on  its  small  amplitude 
response,  but  such  friction  is  of  little  interest  if  the  actuator  is  being 
used  as  large  demand  load  in  the  study  of  pump  stability. 

The  dynamics  of  components  such  as  pumps  are  very  dependent  on  the 
dynamic  properties  of  the  connecting  lines  and  components;  hence  it  is 
important  in  simulations  involving  these  components  that  an  accurate  system 
simulation  be  used. 

The  results  which  are  obtained  from  HYTRAN  are  solutions  of  the  differential 
and  algebraic  equations  used  to  describe  the  system,  dynamics.  The  solutions 
are  obtained  by  methods  of  numerical  analysis,  such  as  Runge  Kutta  numerical 
integration  procedures,  method  of  characteristics,  and  Lagrange  interpolations. 
They  are,  therefore,  subject  to  the  errors  which  are  inherent  in  numerical 
methods,  but  which  can  be  kept  small  enough  to  be  of  no  practical  influence. 

Of  more  importance  than  the  numerical  inaccuracies  are  the  underlying  assump- 
tions and  restrictions  imposed  upon  the  basic  equations. 

A'  digital  simulation  has  been  chosen  because  of  some  important  advantages 
over  the  simulation  on  an  analog  computer.  These  are,  in  particular,  the 
high  accuracy  in  conjunction  with  an  almost  unlimited  memory  capacity,  the 
difficulty  of  modeling  wave  phenomena  on  analog  computers - 

ft 

The  numerical  aspects  of  digital  simulation  are  described  in  a variety  of 
textbooks.  The  concepts  of  the  method  of  characteristic  are  explained  in 
Appendix  A and  in  more  general  terms  in  the  description  of  the  line  subroutine. 
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3.0  GENERAL  DESCRIPTION 

The  program  requires  a detailed  description  of  the  system  conditions, 
lines,  components,  the  output  data  required  and  the  system  layout. 

The  system  to  be  investigated  must  be  carefully  described  in  block  diagram 
form  before  the  data  input  cards  can  be  produced.  (See  Figure  3.0-1). 

The  elements  which  make  up  the  system  are  split  into  two  groups,  lines 
(including  hoses)  and  components. 

The  lines  are  numbered  sequentially,  and  have  designated  upstream  and 
downstream  ends.  For  simplicity  this  should  follow  a reasonable  sequence, 
through  the  system.  One  line  number  can  be  used  to  represent  any  number  of 
lines  in  series  provided  the  diameter,  wall  thickness  and  modulus  of  elasticity 
(or  effective  bulk  modulus  if  a hose)  of  each  line  are  identical. 

The  components  which  include  line  junctions  or  branches  are  then  num- 
bered as  a separate  sequence.  Both  sequences  start  at  //I  and  there  should  be 
no  missing  numbers. 

Once  the  lines  and  components  have  been  numbered,  the  next  job  is  to 
assign  numbers  to  the  points  or  nodes  at  which  the  flow  divides  or  combines 
under  steady  state  flow  conditions. 

Node  //I  is  usually  assigned  to  the  pump  or  flow  source.  If  the  system 
has  two  pumps,  the  second  pump  is  Node  # 2,  and  so  on.  See  Section  7.0  for  a 
description  of  special  case  nodes.  Once  the  nodes  are  all  numbered,  the  legs 
or  flow  paths  between  nodes,  are  then  numbered  until  all  the  flow  paths  between 
nodes  are  accounted  for. 
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The  system  should  now  have  numbers  assigned  to  all  lines,  components,  nodes 
and  legs  Also,  component  connection  numbers  and  leg  flow  direction  should  be 
noted  so  that  the  proper  line  number  and  flow  sign  can  be  assigned  to  each 
specific  component  connection. 

The  preparation  of  the  input  data  for  each  of  these  groups  is  described 
in  the  following  paragraphs . 

5.0  Line  Data 

6.0  Component  Data 

7.0  System  Arrangement  Data 

8.0  Output  Requirements  Data 

This  data  is  needed  for  all  system  simulations  and  the  rules  for  the 
input  should  be  followed  carefully  to  avoid  rejected  runs. 

It  should  be  noted  that  the  current  maximum  number  of  lines  (MNLINE) , 
components  (MEL),  legs  (MLEG) , nodes  (MNNODE) , plots  (MNPLOT)  and  line  points 
(MNLPTS)  that  can  be  input  are  established  in  BLOCK  DATA.  Hence,  BLOCK  DATA 
must  be  changed  if  any  of  these  maximums  values  are  exceeded  when  inputting 


a system. 


Description  of  Figure  3 >0-1 

Figure  3.0-1  shows  a simple  hydraulic  system  utilizing  lines  and 
different  types  of  components  currently  included  in  the  program.  This  system 
illustrates  how  lines,  components,  connections,  legs  and  nodes  are  numbered. 
As  an  aid,  the  integer  data  shown  on  the  following  example  data  cards  have 
been  input  to  reflect  this  system  where  applicable. 

1.  Symbol  Definition 

Symbol  Description 

NXX  Node  number  XX 

CYY  Component  number  YY 

2 . Assignment  of  Leg  Numbers 

Once  node  points  are  established,  leg  numbers  are  set  up  to  represent 
component (s)  and/or  line(s)  between  nodes  as  follows. 

Leg  No.  Leg  Goes  From 


1 

N1  to  N2 

2 

N2  to  N3 

3 

N3  to  N4 

4 

N4  to  N5 

5 

N5  to  N8 

6 

N3  to  N6 

7 

N6  to  N13 

8 

N13  to  N7 

9 

N7  to  N8 

10 

N8  to  N9 

11 

N1  to  N9 

12 

N9  to  *N10 

13 

N10  to  N1 

14 

*N11  to  N2 

15 

N2  to  N12 

*Type  62  reservoir  is  unique  in  that  its  two  nodes  don't  require  a 
connecting  leg. 
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4 . 0 CONTROL  DATA 


4.1  GENERAL  CONTROL  DATA 

This  group  includes  three  cards  which  set  up  the  program  title,  time 
intervals,  fluid  temperature  and  type,  number  of  lines  and  components  and 
pressures . 

Card  1 - This  card  inputs  the  program  title.  A maximum  of  80  alphameric 
characters  can  be  used  in  the  title  starting  at  card  column  1. 


Example  Card: 
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Card  2 - This  card  inputs  data  for  the  calculation  time  interval  used  as  the 
main  program  time  step,  the  final  time  which  is  the  time  at  which  the  calculation 
stops,  the  plotting  time  interval  and  fluid  temperature. 

To  keep  the  program  from  adjusting  the  speed  of  sound,  the  following 
formula  should  be  used  as  a guide  for  establishing  the  calculation  time  interval 

> 


shortest  line  length  in  system 
calculation  time  interval 


60,000 


<REV  26 


The  plotting  time  interval  is  selected  to  suit  the  output  device,  the 
minimum  being  the  calculation  time  interval.  The  actual  value  is  usually 
chosen  to  give  101  plotted  points  (i.e.  = final  time  * 100  or  N times  the 
calculation  time  interval  so  that  every  Nth  calculated  point  is  plotted) . 

The  max  system  temperature  is  to  be  input  along  with  an  optional 
fluid  temperature  increment.  The  temperature  increment  allows  a system  to 
be  run  with  each  element  at  any  one  of  10  different  temperatures.  Once  a 
temperature  increment  is  selected,  the  program  calculates  and  stores  fluid 
properties  for  10  equally  spaced  (by  temperature  increment)  temperatures 
starting  with  max  temperature  and  decending  to  lower  temperature. 

If  columns  41  through  50  are  left  blank,  the  entire  system  will  be 
run  at  maximum  temperature. 

If  a temperature  increment  is  input,  specific  element  temperatures  can 
then  be  input  in  columns  79  through  80  of  component  Card  1 and  columns  39 
through  40  of  line  cards.  These  temperatures  are  coded  and  are  input  as 
positive  or  negative  values  to  indicate  whether  the  element  is  on  the  supply 
or  return  side  of  the  system,  respectively  (see  chart  below) . If  an  element 
is  referenced  to  both  sides  of  the  system  (i.e.,  pumps,  bootstrap  reservoirs, 
etc.),  either  a positive  or  negative  value  may  be  input.  If  the  temperature 
pressure  code  is  omitted,  the  fluid  properties  for  that  particular  element 
will  be  evaulated  using  maximum  fluid  temperature  and  maximum  pressure. 


COLUMN 

FORMAT 

DATA 

DIMENSIONS 

1-10 

E10.0 

Calculation  Time  Interval 

sec 

11-20 

E10.0 

Final  Time 

sec 

21-30 

E10.0 

Plotting  Time  Interval 

sec 

31-40 

E10.0 

Maximum  Fluid  Temperature 

°F 

41-50 

E10.0 

Fluid  Temperature  Increment 

°F 

51-60 

El  0 . 0 

Maximum  Pressure 

psia 

61-70 

E10.0 

Minimum  Pressure 

psia 

r 1 

71-80 

i ... 

E10.0 

Atmospheric  Pressure 

psia 
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Card  3.  This  card  inputs  the  total  number  of  lines,  the  number  of  components, 

fluid  type  number,  optional  fluid  parameters  (viscosity,  density,  bulk  modulus 

and  vapor  pressure).  Note:  If  a vapor  pressure  is  not  input  the  program  will 

use  a vdlue  of  2 psia.  The  fluid  type  number  selects  the  fluid  data  to  be 

used  from  tabulated  data  stored  in  the  program  and  adjusts  the  fluid  properties 

to  the  maximum  and  minimum  pressures.  The  program  is  set  up  to  run  with  either 

of  the  following  fluid  types  at  any  temperature  from  -65°F  to  300°F: 

Type  #1  MIL-H-5606B 

Type  #2  MIL-H-83282 

Type  #3  Skydrol  500B 

In  addition,  the  user  can  input  fluid  data  for  any  fluid  (for  the  maximum 
temperature  specified  on  Card  2)  by  using  a Type  #0  and  by  inputting  viscosity, 
density,  and  bulk  modulus,  and  vapor  pressure.  This  fluid  data  is  not 
'pressure'  adjusted  and  is  used  as  input.  Note:  Columns  21  through  50 
can  be  left  blank  if  fluid  type  "1,  #2,  or  #3  are  used. 
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CARD  NUMBER  3 


COLUMN 

FORMAT 

DATA  | 

15 

Total  Number  of  Lines 

6-10 

15 

Total  Number  of  Components 

11-15 

15 

Fluid  Type  Number 

16-20 

15 

Not  Used 

21-30 

E10.0 

Fluid  Viscosity 

31-40 

E10.0 

Fluid  Density 

41-50 

E10.0 

Fluid  Adiabatic  Bulk  Modulus 

51-60 

El  0 . 0 

Vapor  Pressure 

61-80 

E10.0 

Not  Used 

DIMENSIONS 
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5.0  LINL  DATA 

The  number  of  cards  used  in  this  group  is  equal  to  the  number  of  lines 
entered  on  Card  3,  and  though  they  can  be  stacked  in  any  order  within  the 
group,  it  is  advised  that  the  numerical  order  be  used.  An  error  message  will 
be  written  when  this  condition  is  encountered  but  the  program  will  continue. 

A line  number  may  not  be  omitted  or  used  twice.  An  error  message  will  also 
be  written  if  this  condition  is  encountered,  however  the  run  will  not  stop. 

A type  # is  used  to  differentiate  between  hard  lines  and  hoses.  As  noted 
in  Section  3.0,  one  line  number  can  be  used  to  represent  any  number  of  lines 
in  series  provided  the  diameter  wall  thickness  and  modulus  of  elasticity 
(effective  bulk  modulus  if  a hose)  of  each  line  are  identical. 

Two  or  more  lines  with  different  parameters  may  be  joined  together 
without  using  a branch  or  other  component  as  a connection.  These  lines  must 
be  numbered  consecutively,  otherwise  a 6002  error  will  be  written  and  the  run 
will  stop. 

Dead  ended  lines  must  have  a 10  written  in  the  type  column  of  the  line 
data  card. 

5 . i RIGID  LINES 

Type  number  zero  is  a rigid  line.  The  majority  of  aircraft  lines  will 
fall  under  this  category.  True  bend  angles  less  than  90°  are  summed  and 
input  in  columns  26  through  30.  Angles  equal  to  or  greater  than  90°  are 
summed  and  input  in  columns  31  through  35. 
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CARD  NUMBER  1 


COLUMN 


FORMAT 


DIMENSIONS 


1 1-15 


16-20 


Lino  Number 
T v |k‘  Namin' r 


0 o r 10  for  dead  ended  line 


Percentage  Increase  in  Fitting  Friction 


Number  of  45°  Elbows 


26-30 


3.1-35 


36-40 


4.1-50 


51-60 


61-70 


71-80 


E10.0 


E10.0 


E10.0 


E10.0 


Number  of  90°  Elbows 


Total  of  Bend  Angles  Less  than  90° 


Total  of  Bend  Angles  Greater  Than  or  Equal  to  90c 


Temperature /Pressure  Code  (See  Page  4.0-2) 


Total  Length  Including  Fittings 


Outside  Diameter 


Wall  Thickness 


Modulus  of  Elasticity 
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5.2 


FLEXIBLE  HOSES 


Type  number  1 is  a flexible  hose,  rigidly  mounted  at  both  ends.  True 

bend  angles  are  to  be  measured  in  para  5.1.  Effective  bulk  modulus  of  the 

hose  is  to  be  determined  using  the  follwoing  formulae. 

HOSE  BULK  MODULUS  = PRESSURE  CHANGE  * TOTAL  HOSE  VOLUME  _ Q1L  BULK  M0DULUs 

VOLUME  CHANGE 


2 Mi  ) 


CARD  NUMBER  1 

r 


COLUMN 

FORMAT 

DATA 

DIMENSIONS 

1-5 

15 

Line  Number 

- 

6-10 

15 

Type  Number  = 1 

- 

11-15 

15 

Number  of  Straight  Fittings  Integral  with  Hose 

- 

16-20 

15 

Number  of  45°  Elbows  Integral  with  Hose 

- 

21-25 

15 

Number  of  90°  Elbows  Integral  with  Hose 

- 

26-30 

15 

Total  of  Bend  Angles  Less  Than  90° 

deg 

31-35 

15 

Total  of  Bend  Angles  Greater  than  or  Equal  to  90° 

deg 

36-40 

15 

Temper ature/I’ressure  Code  (See  Page  4.0-2) 

- 

41-50 

E10.0 

Total  Length  of  Hose  Including  Fittings 

in 

51-60 

E10.0 

Inside  Diameter  of  Hose 

in 

61-70 

E10.0 

Not  Used 

71-80 

E10.0 

Effective  Bulk  Modulus  of  Hose 

psi 

EXAMPLE  CARD 
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6.0  COMPONENT  DATA 

Components  are  classified  as  anything  that  is  not  a line,  and  includes 
such  things  as  branches,  pumps,  reservoirs,  valves,  actuators,  etc. 

The  cards  required  to  input  the  data  for  each  component  are  as  follows: 

First  Card 

This  card  inputs  the  integer  data  which  includes  the  component  number 
assigned,  the  component  type  number,  number  of  real  data  cards  for  the  component, 
and  line  numbers  (either  negative  or  positive  depending  whether  the  upstream 
or  downstream  end  of  the  line  is  connected  tothe  component) . Any  card  data 
fields  not  required  are  to  be  left  blank.  All  components  have  pre-assigned 
connection  numbers.  The  input  data  assigns  line  numbers  to  these  component 
connection  numbers.  A -ve  sign  in  front  of  the  line  number  is  used  if  the 
connection  is  attached  to  the  upstream  end  of  the  line.  A +ve  number  is  used 
to  indicate  that  the  component  connection  is  attached  to  the  downstream  end 
of  the  line.  A line  number  equivalent  to  the  max  number  of  lines  (MNI INE) , 
established  in  BLOCK  DATA,  blocks  off  the  component  connection.  A line  number 
equivalent  to  the  MNLINE-1  opens  the  component  connection  to  atmosphere. 

Following  Cards 

These  input  the  real  data,  if  any,  for  the  component.  The  number  of 
real  data  cards  to  be  read  is  specified  on  the  first  integer  card  in  columns 
11-15,  Some  components  such  as  the  type  11  branch  may  not  have  any  real  data 
cards. 

To  summarize,  the  component  cards  are  input  in  the  following  order. 

Component  //I  Integer  Card 

Data  Cards  (If  any) 

Component  II 2 Integer  Card 

Data  Cards  (If  any) 


And  so  on  until  the  number  of  integer  cards  read,  equals  the  number  of  components. 
It  is  advisable  to  keep  the  component  cards  in  order  to  avoid  confusion  and 
perhaps  the  chance  of  having  a missing  number.  The  program  stops  if  a number 
is  found  to  be  missing.  The  data  required  for  each  component  is  described  in 
detail  in  the  following  paragraphs. 

The  components  are  grouped  under  general  type  numbers  for  convenience. 


Type  #s 

Component  Types 

1-9 

Not  assigned 

10  - 19 

Branches 

20  - 29 

Control  Valves 

30  - 39 

Check  Valves 

40  - 49 

Restrictors 

50  - 59 

Pumps 

60  - 69 

Reservoirs 

70  - 79 

Accumulators 

80  - 89 

Filters 

90  - 99 

Control  Subroutines 

100  - 119 

Actuators 

If  a new  component  of  any  above  types  is  to  be  used  in  a system,  the 
following  changes  will  have  to  be  made  to  the  program. 

1.  A new  component  subroutine  must  be  created.  The  name  should  be 
similar  to  the  old  name  except  for  the  last  digit  which  should 
be  the  next  available  digit  in  the  sequence. 

2.  The  new  subroutine  call  must  be  added  to  COMP  subroutine  in  its 
respective  group. 

3.  Make  any  necessary  changes  to  COMP  to  allow  isolation  and  control 
to  be  passed  to  the  new  component  subroutine. 

4.  The  initialization  data  for  the  new  component  subroutine  must  be 
added  to  Block  Data  (See  Volume  II). 


A 


5.  The  new  subroutine  must  then  be  loaded  into  the  file  being  used 
Example 

Newly  created  accumulator  subroutine  would  be  named  ACUM72.  COMP 
would  be  changed  to  the  following. 


270  CONTINUE 

GO  TO  (271,272,400),  KTYPE-70 

271  CALL  ACUM71  (D(N1) ,D(N2) ,DD(N3) ,L(N4)) 
GO  TO  400 

272  CALL  ACUM72  (D(N1) ,D(N2) ,DD(N3) ,L(N4) ) 
GO  TO  400 


280  CONTINUE 


6.10  BRANCHES 
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A branch  is  a connection  used  to  join  two  or  more  lines  or  to  cap  off 
a line.  The  following  type  is  currently  included  in  the  program. 

Type  #11  Frictionless  Branch  (BRAN11) 


6.11  FRICTIONLESS  BRANCH 

Junction 


YBranch 


Hi 

FIGURE  6.11-1 

Type  No.  11  Frictionless  Branch 

Type  11  is  a frictionless  branch  with  one  through  four  connections.  With 
one  connecting  line,  the  line  is  blanked  off.  With  two  connecting  lines,  it 
acts  as  a line  junction  between  two  lines.  With  three  or  four  connections  the 
branch  acts  as  a "Y"  or  "cross",  respectively. 
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6 . 20  CONTROL  VALVES 
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Control  valves,  either  shutoff  or  modulating  types,  can  be  simulated 
by  inputting  the  valve  opening  characteristics  versus  time.  The  following 
types  are  currently  included  in  the  program: 

Type  # 21  Two-Way  Control  Valve  (VALV  21) 

Type  #22  Four-Way  or  Three-Way  Valve  (VALV22) 


r 
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t 
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6.21  TYPE  #21  TWO-WAY  CONTROL  VALVE 


Connection  No.  1 


+ ve  Displacement 


Connection  No.  2 


FIGURE  6.21-1 

TYPE  NO.  21  TWO-WAY  VALVE 


Type  #21  valve  uses  an  externally  controlled  time  history  input.  The 
valve  opening  versus  time  is  derived  from  the  tabulated  data  input  on  the 
third  and  fourth  cards.  The  total  number  input  on  both  the  time  and' displace 
ment  tables  must  be  equal  to  the  number  input  on  column  70  of  the  first  card. 


CARD  NUMBER  1 


COLUMN 


31-35 


36-40 


41-45 


46-50 


51-55 


56-60 


61-65 


66-70 


71-75 


76-80 


Component  Number 


Type  Number  = 21 


Number  of  Real  Data  Cards  = 3 or  more 


Line  Number  (with  sign)  attached  to  Connection  1 


Line  Number  (with  sign)  attached  to  Connection  2 


Number  of  data  points  in  table. 


Temperature/Pressure  Code  (See  Page  4.0-2) 
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CARD  NUMBER  2 


COLUMN 

FORMAT 

DATA 

DIMENSIONS 

1-10 

E10.0 

Valve  Slot  Width 

in 
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Valve  Discharge  Coefficient 
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31-40 
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41-50 

E10.0 
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CARD  NUMBER  3 


COLUMN  FORMAT  DATA 


DIMENSIONS 


11-20 


E10.0 


E10.0 


First  Time  Value  - Should  be  0.0 


(Enter  as  many  time 


21-30 


E10.0 


values  as  required  using 


31-40 


41-50 


E10.0 


as  manv  columns  and  cards 


as  necessarv  - Final 


E10.0 


time  should  be  Final 


61-70 


E10.0 


Calculation  Time) 


' • -»  Vi  . 5,  ■ i 


• • il  IS  ?*>  ?I  71  7 1 7*  ?N  .'1.  ••  ;«  '1 


ant  cS  o': 
1 !*M  ! ! i j ’ 


7? 


(MJii  4ji 

< .J*  II  !’ 

5 5 5 5 5 5 5;e 

! i t i ( 5*' 


D Gg  3 S 0 t 0 3|S  If  9 l|l  0 O 0 3jC  0 t§  c]9  ( D S 3[3  D 8s  3;'  0 C ' T O 02  0 l’.1  3 0 3 0*3  D Ca  6:!!  <13  0 fl’C  SEED 

"■]'  ' ‘I  si  n **  " '■  :>J?i  *■  "i  ■<  *t  ' ■!  r.  :i  i:!«  r « .1  •:* ’ ■ r r .5..*  u n >tiv  1:  y.  -t  ■ ■*  ■»  »:r*  r r:  1.  tvti  t»  t>  *t  *vt  **  *•  1 n 

!■'  1 : ! I ! I I I I't  I I ll|l  ! 1 I !'|  I I l||l  ! I ! 111!  | | l!m  ! !!ll  I ;!l  M ! n ' mil  I ! !H  I I ] I 

! 1 j | i j , • ! 1 

7;7  7 7 ?|  J 7 7 7 7;7  7 7g  7l7  7 7 7 7;7  7 7 7 ?i7  7 7 7 7’?  7 2 7 ?!?  2 ???':?;?  ? 2 7 2'2  2 2 ; ?|;  ; 7 7 j j ;| 

31  J|  5 U 3 3 3 3;3  j J 3 jjj  3 1 J 3;3  3jj  3 3 1 3 3J3  3 j 3 3‘2  * 3 3 1*3  § * 3 3*3  3 3 3 13  i;  1 ; j , 

<1  < ^ ; 4 ; 1 < -•  (tj  i < 4 < i{  2 4 4 ’ ' i 1 i 1!:  : 1 < i ( 1 < » j!?  : ■.  « : i i ; « m s 4 1 * ! • ; ; ; j : ; j ( 

* ' 1 1 *•  •"  ’*  ■'  “ ' • * ■ '*  »■  Jlj:<  ••  :l  ’m-  **|i  r 1'  « « '|.  1 .1  11  1;  i .*  • *;{*•  -*  ; >•  s,  rt  «•  M ( ■■}  • • ; t ^ ^ « 

S'5  5 5 5 5 5 5 5 5 5/-  S 5 ii\-.  } S * S;S  S S ' $!s  S S S S«  i S S 5i5  5 3 5 5;<  3 5 5 1'5  5 5 5 5,5  5 5 5 5:5  5 $S3;5  5 5 5 5 
‘ ' I ' 1 ■ I ' I ' I ' 

5 '•  SPPSBSS6  6'B  $ 5 6 S *S  CBS  C ■*!  S S S S;5  f S J S*?  £ ^ 5 5;S  S 5 5 5 -7  3 CB  5 -C  E.  S € 5'F  G S E b]e  S E 6 5 -C  S f G C 
l/icrowri.1.  AUTOMATIC/*  1 ' j 


m-t  j 7 1 j ’ mj  j M7  Vi  '?  j r;  t m i|;  u n;i>np; 

* I 7 1 ! I ■!  I ! I Is!  7 UjM  I I i'll  ill  1 1|  ! 3 3 til  IIS  S I Hi  3 I lis  * 3 I I'l  |1  III  SS  I s's  * |B  I 

s!c  • 3 s 2!? 3 3 * m r 9 3 5.'  n n!t  1 1 1 j!«  j n ils 3 n 1 1 n 3 i’i  9 is  sii n s s!s s 9 s s!n 3 n!s s s s s 


MU  ft 


® ? ? M i 


p « rt  •'  *•  •*  •»  ?*  n ••  1 1 » m if  *j  •«  h * • -j  •*  i*  r i*  ii  i«  it  n <•  11  «*  4 * ::  m »«  \ < 


#*:  3<m  , 


CARD  NUMBER  4 


COLUMN  FORMAT!  DATA 


I- 10  E10.0 

II- 20  E10.0 


Initial  Valve  Position  @ T = 0.0 
(Enter  as  many  valve 


DIMENSIONS 

in 


— — — H 

21-30 

E10.0 

positions  as  time  alues.) 

3^J 

H- 

1 

O 

E10.0 

41-5C 

E10.0 

51-60 

El  0 . 0 

61-70 

E10.0 

! 

P\ 


" ; ' " 3:o  eg  of  o o on  o o (i 

■ ■ > » • - i 1 1 v i 

niii'iniimiMi 

■ i 

1 1 i 1 ? ’ 1 1 ; 1 i 1 ’ ’ j 1 ■ ; j 

: 'I 

3 n i ' 3 n j in  3 3 1:3  ] 

I 4 ( 1 4 ! 1 >■  1 ' > I 1 ■ I * I 

i S J S ' 3 ■ 'iji  5 S : 5 3 S 

i 6 t 6 r i M >3  6 !5  6 F 1 6 '(  • 


g o g!i  o i o B’O  o e g d o o o o o»p  o o o o o c o o o n o o o old  o 

• i *#j*  ” •;  i ?'jn  ’•  7 •*  \|r  » n v :i]‘i  ’♦  u «t  t u *1  »t  ;•  *i  « »:  v .* 

t 1 I j I I 1 I II  ! I I ! J M I 1 I ; ! ; I I II  n II  1 1 II  I!  1 1 1 I 

: ? ij:  r ? ? jj;  * ? m|j  i j ? ?;? : ? i ? 7 j ? j 2 ; 7 sji  ? 

3 i 3|3  3 : 3 1 3 3 3 3 i . J 3 3 3 1 1 3 8 '|s  3 3 1 ’ 1 ’ 3 I 3'3  : 

J I 4 M 1 4 4t  J 4 1 «l(  4 4 « t<i  4 4 4 i 1 • 1 I i ! ‘ \ - i '■  1 

'*■)•*  * >'  »"'•**  '»!  ' ‘J  : \ik  i • ••  • *\  • *7  • ?' 

3 i ■ 5 ■.  yj  S 3 : s'b  i 3 9 \ 5 S 1 . Il  ‘ J i 3 S - J J b's  i 

M (It  5 6 t t'f  t $ M'S  fi  6 6 r f ' f-  t f 'i  E t i ('(  5 6 6 tis  5 

O&kJHEL  l AIITr>k' AT  ictl'l  ; f 

' ’ ' I 1 > ! ’ ' ’ ' ' ' ‘ 3 1 )')  > 1 > 11-  ' ) 1 !)’  1 


7 D C't  3 0 n 0 ,i  3 0 0 I " 3 0 0 0!0  0 0 I)  0 0 I)  0 0 3 

. -3  >•  • ♦ ‘J'|.  > mi  iti  *n  il'  ' ; i » ' i< 

! M 1 U ! M > I!  ' ' 1 M 1!  U Mil  U 1 

: : : : ? ? 2 117  j ? ? 7 1 : ' i1? : : : : ? : ? > II 

' - 3 3 3 1 i 3 3 3 ■ 3 ; 3 1 •>  ii’3:3  3 3 3 3 3 3 < |j 

••  • • : : M^l  tl  I ' i : I j t U I I M II  i I 

i i :»  *»  j I)  '■  j K i v '•  5 ' 

(til:  Jlt'di'f'Sf*  ((‘liHiH! 

l ■ i , i j i - i > 


J S f lj  M 1 t 8 M 3 II  I I ! ' M ! I ill  » I I I M I i i’l  £ I II  M I 8 5 ,f  IS  i 8 M (I  S |l|  3 I p 3 j J p i I'J  I f t 1 1 “ » 

l i I • I 


9 1 9 '3  • ’ 3 M 9 n sin  ? J j'l  U 1 ’!»  1 M >]j  i J 9 «is  J 3 b «>  3 5 ? »l»  9 

, < t t ' ' I A A • ' M ‘i  ' * ••  » » I U M M n » ' * 11  < I’  * •*  . • '(  '• 


9 3 3 9 3 3 9 : 9 9 3 9 9 'M  9 9 M H 3 ' 


6.22  TYPE  it 22  FOUR-WAY/THREE-MAY  CONTROL  VALVE 


CON  it  3 CON  if  1 


FIGURE  6.22-1  FOUR-WAY  CONTROL  VALVE 
The  Type  it 22  valve  can  be  used  either  as  a four-way  or  three-way  control 
valve  with  an  externally  controlled  time  history  input.  The  valve  opening 
versus  time  is  derived  from  the  tabulated  input  data. 

The  valve  model  can  handle  any  or  all  ports  flowing  simultaneously  and  if 
necessary,  all  or  any  group  may  open  in  the  same  direction.  The  center  posi- 
tion of  the  valve  is  just  a reference  point.  To  input  the  data  for  the  valve 
it  is  necessary  to  know  the  approximate  characteristics  to  be  simulated  such 
as  valve  overlap;  open  center  under  lap,  etc. 

The  valve  opening  versus  position  characteristics  are  described  separately 
for  each  port.  The  description  is  the  same  for  each  one  and  if  all  inputs  were 
identical  the  valve  areas  of  each  port  would  be  equal  versus  valve  position. 


6,22-1 


The  user  should  choose  from  the  family  of  curves  in  Figures  6.22-2 
the  valve  area  versus  position  characteristic  best  suited  to  his  valve.  The 
next  task  is  to  determine  the  projected  cutoff  and  the  max  opening  position 
which  will  give  the  required  area  slope.  It  should  be  noted  that  either  of 
these  two  values  may  be  beyond  the  input  position  range.  Additional  non- 
linearity can  be  simulated  by  the  use  of  non-linear  position  versus  time 
input. 

Typical  plots  of  valve  area  versus  position,  for  the  input  card  data 


are  given  in  Figure  6.22-3. 


CARD  NUMBER  1 


COLUMN 

FORMAT 

DATA 

mm 

15 

Component  Number 

6-10 

15 

Type  Number  = 22 

11-15 

15 

Number  of  Real  Data  _Cards  = 4 or  more 

16-20 

15 

Line  Number  (with  sign)  attached  to  Connection  1 

21-25 

15 

Line  Number  (with  sign)  attached  to  Connection  2 

26-30 

15 

Line  Number  (with  sign)  attached  to  Connection  3 

31-35 

15 

Line  Number  (with  sign)  attached  to  Connection  4 

36-40 

15 

41-45 

15 

46-50 

15 

51-55 

15 

56-60 

15 

61-65 

15 

66-70 

15 

71-75 

15 

Number  of  Data  Points  on  the  Time  Data  Table 
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15 

Temperature/Pres.sur  e Code  (See  Page  h.0-2) 

EXAMPLE  CaRD 


h - n 

■ ?«.  f'  ?•  »*  m i \j  ■»  ' 


oosoQooooooooao 

t : I It?  i i 1 1 

I I I H 1 ' I I 1 I I I I I I 1 


’??;«??  ?||M?n 
nunnnmi) 


l I I 1 I I I I I m 1 I < |H  H M I II  H II  Mil  1 1 I t ' H ' II  i I l 

> i ' ? :?i  ' i i ■ 1 1 i I ?t  1 ; ■*  r i ■ i i ,i | . * t ..  i. 

S i b b b b b S b J b b b b b'b  b b b i b b i b b b b b b b b b b b b b S b i b A b : b 


« j M o o a o o o s o o o i o ( c o ii  o o (i  o nin  o o a 3 , 0 5 1 n i t c n 

I I I l 1 ?•  » ’ I 'I  II  l>  I?  r :i  I a , !•  I till  I ij  II  a tt  1 il  *?  1 

I H I I I H I I’ll  I g I I : I Bg|l  I 1 I > J I I II  I I 11  M|M  II 

n ? ? ?i?  n 1 i'i  ? 1 n ??}??'?  1 n ri  ????'??  j ? ' ? 1 


3 ; 0 d c n 1 0 p p ii  ii  r p 3 a 0 0 0 0 n 0 0 $ 0 1 0 0 u 0 0 0 0 0 0 0 

I:  .M  * l|  tb  ‘ ' t I » ’ 1 t . tl  »'  : « * *,  '■  * ' i I 1 It 

I'll  m i|i  ■ i M'l  m ; m M I 1 1 I : II  1 1 1 1 11  1 : 1 1 


1 j j j j'i  n no  1 3 3 113  3 1 3 ms  n ’>  n • 


1 ? ? m ?./?.’?  1 ? 11  ? 1 

i ? 1 1 ‘ 3 i 1 3 3 5 n 3 3 3 > • n j 3 1 j j 3 1 n 

' 1 • I : : • I I I 4 4 I I 1 I 4 II  ! I I 4 ‘ 1 : I 1 

- 1 b ; i b b ■>  b:b  b b b b > : ■?  b b-b  t 5 b Vb  b b b b 


I t S 1 i H i I I1!  H ( H U i l!i  1 i I I H i I ill  I H lil  H M El  H 
i MCDOMMtU-  AUTOMATIC >M  ibcVPAM 

I I > l‘)  U I )j;  ' M 1 ! M ?)l;  11  I ) I | | 1 Ml  j ' ' I'I  ■ ) . h)  I M 

U II  I ! I I I I I I HI  I I I li'1  I I I 1 I I I I III  1 M • I I n'l  M I 

' I 1 

1 n 1 m m nin  n in  m'n  1 1 |li  11  m!i  : 4 • 11 1 1 1 ill  1 n 

. t ' ( , it  ; a 1 I \ ' ?»  '<  • - • I 1 • " .•  .«  ? .('?*•*»'»■ 


t i t ■ 6 6 6 f 8 £ S J b 6 1 f? 


!»•>’?»» 


UMIIIIIHHini 


5 9 9 3 III  ! I 9 3 9 I I J ill  9 


5 S 5 6 6 
1 1 ’ I 1 

mu 
9 * 9 1 1 


CARD  NUMBER  2 
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COLUMN 

FORMAT 

DATA 

1-10 

E1. 0.0 

. - 

Con  #1-2  Projected  Cutoff  Position 

11-20 

E 10.0 

Con  #1-2  Projected  Max  Opening  Position 

21-30 

El  0.0 

Con  #1-2  Max  Effective  Valve  Area 

31-40 

El  0.0 

Con  #1-2  Characteristic  Curvature  Coeff. 
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Con  #2-3  Projected  Cutoff  Position 
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Con  #2-3  Projected  Max  Opening  Position 
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Con  #2-3  Max  Effective  Valve  Area 

Con  #2-3  Characteristic  Curvature  Coeff. 
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CARD  NUMBER  3 
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COLUMN 

FORMAT 

DATA 

DIMENSIONS 

1-10 

E10.0 

Con  #3-4  Projected  Cutoff  Position 

in 

11-20 

E10.0 

Con  #3-4  Projected  Max  Opening  Position 

in 
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Con  #3-4  Max  Effective  Valve  Area 
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Con  #3-4  Characteristic  Curvature  Coeff. 
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CARD  NUMBER  4 


COLUMN  FORMAT  DATA 
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(Enter  as  many  time  values 
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CARD  NUMBER  5 


COLUMN 

FORMAT 

DATA 

1-10 

E10.0 

Initial  Valve  Position  @ T = 0 

11-20 

E10.0 

(Enter  as  many  valve  positions 

21-30 

E10.0 

as  Time  values) 

31-40 

E10. 0 

41-50 

EJ.0.0 

51-60 

E10.0 

61-70 

E10.0 

71-80 

■ 

E10.0 
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6.30  CHECK  VALVES 


Check  valves  can  be  considered  to  fall  into  three  general  categories.  The 
first  includes  those  that  remain  fully  open  during  system  operation  and  hence 
do  not  need  simulation  of  the  poppet  dynamics.  The  second  category  is  for 
those  which  need  dynamic  simulation  of  the  poppet  when  it  is  located  between 
the  fully  open  and  closed  positions.  The  third  category  is  for  special  valves 
with  damping  and  displacement  characteristics.  The  following  type  is  currently 
included  in  the  program: 

Type  #31  Undamped  Check  Valve  (CVAL31) 

Type  #32  Priority  Valve  (CREL32) 

Type  #33  One-Way  Restrictor  (CVAL33) 

Type  #34  Two-Stage  Relief  Valve  (CVAL34) 


! 


4 


6.31  TYPE  #31  UNDAMPED  CHECK  VALVE 


Free 

Flow 


GP74  0773  8 


A check  valve  that  can  open  and  close  during  operation  without  damping 
and  displacement  characteristics  is  defined  as  a Type  #31.  These  type 
check  valves  are  used  repeatedly  throughout  the  F-15  hydraulic  system. 
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CARD  NUMBER  2 


1 

COLUMN 

FORMAT 

DATA 

DIMENSIONS 

1-10 

E10.0 

Inlet  I.D. 

in 

11-20 

E10.0 

Outlet  I.D. 

in 

21-30 

E10.0 

Poppet  Mass 

2 

lb-sec  /in 

31-40 

E10.0 

Spring  Constant 

lb /in 

41-50 

E10.0 

Max  Poppet  Stroke 

in 

51-60 

E10.0 

Spring  Preload 

lb 

61-70 

" 

E10.0 
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o 
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6.32 


TYPE  It 32  PRIORITY  VALVE 


FIGURE  6 32-1 

TYPE  NO.  32  PRIORITY  VALVE 

The  type  it 32  Priority  Valve,  Figure  6.32-1,  is  modeled  as  a combination 
of  a check  valve  and  relief  valve  in  parallel  between  connections  it  1 and  itl. 

I 

The  relief  valve  cracking  pressure  is  referenced  between  connections  it 2 and 
#3. 

If  the  pressure  difference  between  connections  it 2 and  it 3 is  less  than  the 
relief  valve  cracking  pressure,  flow  is  allowed  in  only  one  direction  through 
the  check  valve  from  connection  it  1 to  connection  it 2. 

If  the  pressure  difference  between  connections  it  2 and  it  3 is  greater 
than  the  relief  valve  cracking  pressure  flow  is  allowed  in  either  direction 


6,32-1 


between  connections  //I  and  it  2. 


Connection  it3  is  used  for  reference  only,  there  is  no  flow  between 
connection  it 3 and  the  other  connections  to  the  valve.  Since  the  program 
treats  the  line  ending  in  connection  it 3 as  a closed  end  line  it  is  considered 
a node  of  the  system. 

During  steady  state  calculations  the  program  assumes  the  priority 
valve  is  open  allowing  flow  in  both  directions  in  the  leg  when  the  system 
is  pressurized,  and  closed  when  the  system  is  depressurized. 
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COLUMN  FORMAT 
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Type  Number  = 32 


Number  of  Real  Data  Cards  = 


Line  Number  (with  sign)  attached  to  Connection  1 


Line  Number  (with  sign)  attached  to  Connection  2 


Line  Number  (with  sign)  attached  to  Connection  3 
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Temperature/Prossuro  Code  (See  Page  4.0-2) 
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CARD  NUMBER  2 


! COLUMN  I FORMAT  DATA 


E10.0  Relief  Valve  Cracking  Pressure 


E10.0  Relief  Valve  Reseat  Pressure 
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E10.0  Slope  of  Relief  Characteristic 
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31-40 
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41-50 
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51-60 
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6.33  ONE-WAY  RESTRICTOR 


, FIGURE  6.33-1 

TYPE  NO.  33  ONE-WAY  RESTRICTOR 


A simple  undamped  one-way  restrictor  is  defined  as  a type  // 33.  Although 
the  actual  mechanical  configurations  vary  greatly  the  basic  method  of  operation 
stays  about  the  same.  Figure  6.33-1  is  typical  of  the  many  one-way  restrictors 
in  use  on  aircrat*-  and  in  industry. 
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CARD  NUMBER  2 


COLUMN 

FORMAT 

DATA 

1-10 

S10.0 

Inlet  I.  D, 

11-20 

E10.0 

Outlet  I,  D. 

21-30 

E10.0 

Poppet  Mass 

31-40 

E10.0 

Spring  Constant 

41-50 

E10.0 

Max  Poppet  Stroke 

51-60 

E10.0 

Spring  Preload 

61-70 

E10.0 

Orifice  Diameter 

.... 

71-80 

E10.0 

Discharge  Coefficient 

DIMENSIONS 
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6.34  TYPE  #34  TWO  STAGE  RELIEF  VALVE 


FIGURE  6.34-1 
TYPE  NO.  34  RELIEF  VALVE 


The  two  stage  relief  valve  is  a high  response  device  used  to  limit 
pressure  surges  and  to  compensate  for  slow  pump  pressure  controls.  These 

type  valves  are  used  in  the  F-4  and  F-15  hydraulic  systems  and  are 

manufactured  by  the  James  Pond  & Clark  Division  of  the  Circle  Seal  Corporation. 


CARD  NUMBER  1 


COLUMN 

FORMAT 

1-5 

15 

6-10 

15 

11-15 

15 

16-20 

15 

21-25 

15 

26-30 

15 

31-35 

15 

36-40 

15 

41-45 

15 

46-50 

15 

51-55 

15 

56-60 

15 

61-65 

15 

66-70 

15 

IBM 

15 

76-80 

15 

Component  Number 


Type  Number  = 34 


Number  of  Real  Data  Cards  = 2 


Line  Number  (with  sign)  attached  to  Connection  1 


Line  Number  (with  sign)  attached  to  Connection  2 


Temperature/Pressure  Code  (See  Page  4.0-2) 
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6.34-2 


j* 


1 — — 

COLUMN 

FORMAT 

DATA 

DIMENSIONS 

1-10 

E10.0 

Poppet  Diameter 

IN 

11-20 

E10.0 

Maximum  Poppet  Displacement 

IN 

21-30 

E10.0 

Poppet  Spring  Constant 

LB 

IN 

31-40 

E10.0 

Poppet  Spring  Preload 

LB 

41-50 

E10.0 

Relief  Pressure 

PSI 

51-60 

E10.0 

Pin  Leakage  Coefficient  at  Poppet  (Anular 

Passage  Between  Poppet  and  Pin) 



PST 

CIS 

61-70 

E10.0 

Pin  Leakage  Coefficient  at  Seat  (Annular 
Passage  Between  Pin  and  Pin  Seat) 

PSI 

CIS 

71-80 

L 

E10.0 

Diameter  of  Seat  Relief  Port 

IN 

PROPRIETARY  INFORMATION 


CARD  NUMBER  3 


6.40  RESTRICTORS 


There  are  several  varieties  of  restrictors,  including  the 
Lee  Jet  and  two-way.  The  following  type  is  currently  included 
Type  #41  Orifice  Restrictor  (REST41) 


simple  orifice 
in  the  program 


6.40-1 


6.41  TYPE  #41  ORIFICE  RESTRICTORS 


L-  Orifice  Diameter 

FIGURE  6.41-1 

TYPE  NO.  41  ORIFICE  RESTRICTOR 


0 


Flow 


GP7*  0773  7 


Type  #41  orifice  restrictors  need  only  the  line  connections  and 
orifice  dimensions  as  input  data.  Connection  #1  can  be  assigned  to  either 
end  since  the  discharge  coefficient  is  assumed  the  S3me  for  flow  in  either 
direction. 
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CARD  NUMBER  1 


— 

COLUMN 

FORMAT 

1-5 

15 

6-10 

15 

11-15 

15 

16-20 

15 

21-25 

15 

26-30 

15 

31-35 

15 

36-40 

15 

41-45 

46-50 

15 

51-55 

15 

56-60 

15 

61-65 

15 

66-70 

15 

71-75 

15 

76-80 

15 

Component  Number 


Type  Number  = 41 


Number  of  Real  Data  Cards  = 


Line  Number  (with  sign)  attached  to  Connection  1 


Line  Number  (with  sign)  attached  to  Connection  2 


Temperature/Pressure  Code  (See  Page  4.0-2) 
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6.41-3 


6.50  PUMPS 


The  dynamic  characteristics  of  pump  require  a comprehensive  list  of 
input  data.  With  experience  the  programmer  will  be  able  to  select  some  input 
parameters  he  would  like  to  change  from  this  input  data,  for  varying  the 
pump  characteristics.  The  following  pump  types  are  currently  included  in 
the  prog cams: 

Type  #51  F-15  Pump  (PUMP51) 

Type  #54  Space  Shuttle  Pump  (PUMP54) 


6.50-1 


6.51  r.TYPE  #51  - F-15  PUMP 


Pump  Outlet 


FIGURE  6.51-1 

TYPE  MO.  51  PRESSURE  REGULATED  VARIABLE 
DISPLACEMENT  PUMP 


The  AiiEX  F-15  pump  simulated  by  PUMP51  is  Derhaps  the  most  complex  of 
all  the  component  subroutines  and  its  dynamic  characteristics  are  sufficiently 
complex,  to  warrant  special  treatment. 

In  modifying  pump  variables  the  user  should  be  very  careful.  A pump  is 
essentially  a complex  underdamped  servo  system  which  is  prone  to  instability, 
and  it  is  easy  to  make  it  worse. 
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In  developing  the  model  it  has  been  necessary  to  assume  certain 
damping  characteristics  and  estimate  others.  Some  of  these  characteristics 
do  not  fall  within  the  classical  concepts  of  damping,  so  the  result  is  a best 
guess.  Subsequent  verification  testing  will  show  if  this  guess  was  correct. 
For  details  of  the  damping  factor  derivation  see  Vol.  II. 

The  ABEX  F-15  pump  has  a fast  response  going  from  10%  to  90%  stroke  in 
approximately  15  milliseconds,  so  the  user  should  take  care  in  designing  the 
system,  to  avoid  cavitation  problems,  caused  by  rapidly  changing  flow  demands 
in  the  suction  lines. 

The  input  data  for  the  F-15  pump  is  specific  to  that  pump  and  cannot  be 
used  for  other  pumps. 
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CARD  NUMBER  1 
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CARD  NUMBER  2 


I* 


r— — 

COLUMN 

FORMAT 

DATA 

DIMENSIONS 

1-10 

E10.0 

Pressure  at  which  valve  begins  to  open 
from  outlet  to  actuator 

PSI 

11-20 
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Valve  spring  rate 

LBS/IN 
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Compensator  Valve  Area 
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Slot  width 
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Flow  force  on  spool 
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Valve  overlap 
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Discharge  Coefficient  - Outlet  to  Actuator 
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CARD  NUMBER  3 


COLUMN  FORMAT 


11-20 

E1C.0 

21-30 

E10.0 

31-40 

E10.0 

41-30 

E10.0 

51-60 

El  0.0 

61-70 

E10.0 

71-80 

E10.0 

Actuator  Area 


Actuator  Pressure  Due  to  Spring  Force  at  Zero 
Pump  Displacement 


Actr'.ato"  Pressure  due  to  Spring  Force  at  Maxi- 
mum Pump  Disolacement 


Actuator  Pressure  Due  to  Piston  Acceleration 
@ 360C  RPM 


Actuator  Pressure  Inputed  at  3600  RPM  and 
Zero  Pump  Displacement  + 


Actuator  Pressure  at  3600  RPM  and  Maximum 


DIMENSIONS 


1N**2 


PSI 


PSI 


IN  **2 /SEC 


PS 1 /RPM 


PSI/IN/ SEC 


* = Referenced  to  Actuator  Pressure 

+ = Excluding  the  effects  of  pressure  due  to  the  spring  and  pumping  piston 
acceleration. 

EXAMPLE  CARD 
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CARD  NUMBER  4 


L;; 

k' 


1 

COLUMN 

FORMAT 

• ”1 

DATA 



DIMENSIONS 
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Theoretical  Maximum  Pump  Displacement 

f 

IN**3/REV 
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Maximum  Actuator  Displacement  @ Maximum  Flow 

IN 

21-30 
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Minimum  Actuator  Displacement  @ Minimum  Pump 
Flow  (.  -ve) 

IN 

31-40 
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Coefficient  of  Actuator  Leakage 
at  Zero  Pump  Displacement 

CTP/PSI 
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Coefficient  of  Actuator  Leakage 
at  Maximum  Pump  Displacement 

CIS/PS1 
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Coefficient  of  Leakage  from  Case  to  inlet 
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Case  Volume 
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CARD  NUMBER  5 


1 

1 

COLUMN 

FORMAT 

DATA 

.......  . . - - - . _ ...  . 

DIMENSIONS 

1-10 

E10.0 

Minimum  Inlet  Pressure 

PS  I. 

11-20 

E10.0 

Puma  Operating  Speed 

RPM 

21-30 

E10.0 

Coefficient  of  Outlet  Flow  Due  to 
Actuator  Motion 

CIS/ (IN/SEC) 

31-40 

E10.0 

Maximum  Valve  Displacement 

IN 

41-50 

E10.0 

Pressure  at  which  valve  is  open  from 
outlet  to  actuator 

PSI 

51-60 

El  0 . 0 

Hanger  Inertia  Referred  to  the  Actuator 

LBS~SEC**2/IN 

61-70 

E10.0 

Actuator  Volume 

t 

IN**  3 ; 

! 

71-80 

— 

E10.0 

— 

Outlet  Volume 
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6.54  TYPE  It 54  SPACE  SHUTTLE  PUMP  (F-14  PUMP) 


Pump  Outli’t 


Stroking 

Piston 


FIGURE  6.54-1 

TYPE  NO.  54  PRESSURE  REGULATED  VARIABLE 
DISPLACEMENT  PUMP  - SCHEMATIC  DIAGRAM 
Type  it 54  pump  is  a simulation  of  the  ABEX  F-14  pump.  In  developing  the 
model  it  has  been  necessary  to  assume  certain  damping  and  leakage  characteris- 
tics and  estimate  others.  See  Volume  II  for  an  explanation  of  these  charac- 
teristics. The  pump  is  essentially  a complex  underdamped  servo  system  which 
is  prone  to  instability.  The  user  should  be  careful  in  modifying  pump  vari- 
ables to  avoid  meaningless  output. 

Tiie  input  data  for  th°  F-14  pump  is  specific  to  that  pump  and  cannot  be 
used  for  other  pumps. 
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When  using  the  PUMP  54  model,  the  selected  system  or  systems  can 
initially  be  depressurized  using  a coded  system  number  in  columns  71-75 
of  the  first  data  card. 

Card 

Column 

31-35 

0 = All  systems  are  normal. 

+N  = System  It N is  normal,  all  others  are  depressurized 

-N  = System  #N  is  depressurized,  all  others  are  normal 

This  indicator  is  used  by  the  Eleven,  TVC  and  Rudder  speedbrake  sub- 
routines to  determine  the  initial  positions  of  their  switching  valves  and 
the  system  which  is  supplying  the  secondary  actuator  leakage. 

Depressurization  or  repressurization  during  the  transient  simulation 
can  be  initiated  by  inputting  a time  value  in  columns  41-50  of  Card  it 5. 
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CARD  NUMBER  1 


COLUMN 

FORMAT 

1-5 

15 

6-10 

15 

11-15 

15 

16-20 

15 

21-25 

15 

26-30 

15 

31-35 

15 

36-40 

15 

41-45 

15 

46-50 

15 

B 

15 

56-60 

15 

61-65 

15 

66-70 

15 

71-75 

15 

76-80 

15 

EXAMPLE 

CARD 

Component  Number 


Type  Number  = 54 


Number  of  Real  Data  Cards  = 4 


Line  Number  (with  sign)  attached  to  Connection  1 (Inlet) 


Line  Number  (with  sign)  attached  to  Connection  2 (Outlet) 


Line  Number  (with  sign)  attached  to  Connection  3 (Case  Drain) 


System  Number 


Temperature/Pressure  Code  (See  Page  4.0-2) 
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COLUMN 


FORMAT  j DATA 


Pressure  at:  which  valve  begins  to  open. 
E10.0  from  outlet  to  actuator 


DIMENSIONS 


11-20  E1U.0  j Valve  spring  rate 


21-30  E10.0  Compensator  valve  area 


31-40  E10.0  Radius  of  valve  port 


LBS/ IN 


41-50  E10.0 


51-60  ; £10,0  I Valve  overlap 


61-70  I E10.0  I Discharge  Coefficient  - Outlet  to  Actuator 


Discharge  Coefficient  - Actuator  to  Case 
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COLUMN 

FORMAT 

DATA 

DIMENSIONS 

1-10 

E10. 0 

Actuator  Area 

IN*  *2 

11-20 

E10.0 

Actuator  Pressure  Due  to  Spring  force 
at  Zero  I’ump  Displacement 

PSI 

21-30 

E10.0 

Actuator  Pressure  Due  to  Spring  Force  at 
Maximum  i’ump  Displacement 

PSI 

31-40 

1 

E10.0 

s 

Actuator  Pressure  Due  to  Piston  Acceleration 
at  1600  RPM  and  Maximum  Pump  Displacement 

PSI 

” J-  i 4.  V • V 

51-60  j E10.0 


Actuator  Pressure  Inputed  at  3600  RPM  and 
Zero  Pump  Displa c em en t + 

Actuator  Pressure  at  3600  RPM  and  Maximum 
Pump  Displacement  + 


Slope  of  Pressure  vs  RPM  Curve  + 


Hanger  Damping* 


PSI 


PSI 


PS I /RPM 


PSI/ IN/ SEC 


* = Referenced  to  Actuator  Pressure 

+ = Excluding  the  effects  of  piston  acceleration  and  spring  forces, 
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1-10 

E10.0 

11-20 
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21-30 
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31-40 

El  0.0 
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51-6 
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Theoretical  Maximum  Pump  Displacement 


•ctuator  Position  at.  Maximum  Pump 
) i spl a cement 


Actuator  Position  at  Minimum  Pump 
Displacement  i-vt) 


Coefficient  of  Actuator  Leakage 
at  Zero  Pump  Displacement 


Coefficient  of  Actuator  Leakage 
at  Maximum  Pump  Displacement 


Coefficient  of  Pump  Leakage  ' cut  1 e t to  ’..as 


Coefficient  of  Leakage  from  Case  to  Inlet 


Case  Volume 
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CARD  NUMBER  5 


COLUMN 

FORMAT 

1-10 

E10.0 

11-20 

E10.0 

21-30 

E10.0 

31-40 

EE B 

41-50 

E1C.0 

51-60 

E10.0 

61-70 

F.10.0 

71-80 

* 

El  0.0 

t 

EXAMPLE 

CARD 

DIMENSIONS 


Minimum  Inlet  Pressure 


Pump  Operating  Speed 


Pressur  i zat  ion/Depressur  i znt:  i on  T tme 
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6.60  RESERVOIRS 


There  are  a number  of  types  of  reservoirs  which  need  different  methods 
of  analysis.  Among  these  are,  constant  pressure  reservoir,  bootstrap 
reservoir,  trapped  bootstrap  reservoir  and  reservoir  with  RLS  and  bootstrap. 
The  following  types  are  currently  included  in  the  program: 

Type  #61  Constant  Pressure  Reservoir  (RSVR61) 

Type  #62  Bootstrap  Reservoir  (RSVR62) 


6.60-1 


6.61  TYPE  #61  CONSTANT  PRESSURE  RESERVOIR 


FIGURE  6.611 

TYPE  NO.  61  CONSTANT  PRESSURE  RESERVOIR 


The  Type  #61  constant  pressure  reservoir  which  is  used  for  test  simula- 
tion purposes,  requires  only  the  connection  information  and  the  reservoir 
pressure.  Any  of  the  four  connections  not  used  are  blanked  off. 
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6.62  TYPE  #62  BOOTSTRAP  RESERVOIR 


FIGURE  6.62-1  BOOTSTRAP  RESERVOIR 

The  Type  #62  bootstrap  reservoir  is  the  type  used  on  the  F-15  aircraft. 
As  many  as  four  low  pressure  connections  can  be  used  plus  the  high  pressure 
connection.  Any  low  pressure  connection(s)  not  required  is  to  be  left  blank. 
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36-40 


41-45 


46-50 


51-55 


56-60 


61-65 


66-70 


71-75 


76-80 


Component  Number 


Type  Number  = 62 


Number  of  Real  Data  Cards  = 1 


Line  Number  (with  sign)  attached  to  Connection 


Line  Number  (with  sign)  attached  to  Connection  2 


Line  Number  (with  sign)  attached  to  Connection  3 


Line  Number  (with  sign)  attached  to  Connection  4 


Line  Number  (with  sign)  attached  to  Connection  5 


Temperature/Pressure  Code  (See  Page  4.0-2) 
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COLUMN 

FORMAT 

DATA 

1-10 

E10.0 

High  Press  (Bootstrap)  Piston  Area 

11-20 

E10.0 

Low  Press  (RSVR)  Piston  Area 

21-30 

E10.0 

High  Pressure  Volume  at  Zero  Stroke 

31-40 

E10.0 

Low  Pressure  Volume  at  Zero  Stroke 

41-50 

E10.0 

Maximum  Piston  Stroke 

51-60 

El  0.0 

Initial  Piston  Position 

DIMENSIONS 


. 2 


E10.0 


NOTE;  Zero  Stroke  is  defined  as  the  Piston  Position  with  the  Reservoir  Empty. 

EXAMPLE  CARD 
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6.70  ACCUMULATORS 


There  are  many  varieties  of  accumulators.  The  three  types  that  are  in 
common  usage  are  free  piston  accumulator,  bladder  accumulator  and  tandem 
piston  accumulator  (F-15  JFS  accumulator).  The  following  type  is  currently 
included  in  the  program: 

Type  #71  Free  Piston  Accumulator  (ACUM71) 

The  accumulator  subroutine  is  setup  based  on  using  dry  nitrogen  gas. 


6.71  TYPE  #71  FREE  PISTON  ACCUMULATOR 


— XP 


— Connection  No.  1 


FIGURE  6.71-1 

TYPE  NO.  71  FREE  PISTON  ACCUMULATOR 


The  input  data  for  the  Type  //71  accumulator  are  basically  the  minimum 
and  maximum  gas  and  oil  volumes  and  the  precharge  pressure.  The  gas 


and  oil  piston  areas  are  assumed  to  be  equal 


6.71-1 


COLUMN 

FORMAT 

DATA 

DIMENSIONS 

1-10 

E10.0 

Minimum  Oil  Volume 

3 

INJ 

11-20 

E10.0 

Maximum  Oil  Volume 

IN3 

21-30 

E10.0 

Minimum  (las  Volume 

IN3 

31-40 

E10.  O 

Preeharge  Pressure  0 60°F 

PSI 

41-50 

E 10,0 

51-60 

E10.0 

61-70 

E10.0 

I 

71-80 

1 

E10.G 
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6.71-3 


6 . 80  FILTERS 


There  are  numerous  type  filter  elements  and  filter  bodies  to  contain 
them.  Often  the  bodies  have  multiple  functions,  such  as  the  F-15  filter 
manifolds,  which  contain  filter  elements,  relief  valves  and  check  valves, 
and  have  mnay  external  and  internal  connections.  Hence  only  a few  filters 
are  sufficiently  similar  to  allow  the  use  of  a common  subroutine.  The 
following  type  is  currently  included  in  the  program: 

Type  #81  F-4  Type  In-Line  Filter  (FILT81) 

Type  #82  Filter  Manifold  (FILT82) 

Type  #83  Inline,  Bypass  Filter  (FILT83) 


6.81  TYPE  #81  F-4  TYPE  IN-LINE  FILTER 


GP  >4  0 7? . i b 

FIGURE  6.81-1 

TYPE  NO.  81  F-4  TYPE  IN-LINE  FILTER 


The  Type  #81  F-4  in-line  filters  are  simple  non-bypass  units  using 
standard  cleanable  elements. 

This  particular  type  will  be  used  in  simulation  work  because  it  is 
simple  and  has  no  ancillary  components. 


CARD  NUMBER  2 


COLUMN 

FORMAT 

DATA 

DIMENSIONS 

1-10 

E10.0 

...  _ . 

Inlet  Volume 

IN3 

11-20 

E10.0 

Exit  Volume 

IN3 

21-30 

E10.0 

Linear  Element  Flow  Constant 

See  Note 

o 

<r 

i 

E10.0 

Non-Linear  Element  Flow  Constant 

See  Note 

nl  -50 

E ! 0 . 0 

r* 

5 1-60 

El  0.0 

61-70 

K 10.0 

71-80 

4 ..  ■ — 1 

El  0.0 

- - 
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Note:  The  values  of  the  CONSEL  and  C0NE2  are  determined  using  the  second 

order  relationship 

AP  = CONSEL*Q  + CONE2*Q2 

The  pressure  drop  relationship  is  to  be  determined  using  M1L-H-5606 
hydraulic  oil  at  100°F. 
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6 . 82  Type  # 82  Filter  Manifold 

The  Type  #82  space  shuttle  filter  manifold  is  a three  element  filter 
manifold  incorporating  a relief  valve  between  the  supply  filter  outlet 
and  the  return  filter  inlet.  The  first  element  filters  the  flow  returning 


to  the  reservoir,  the  second  element  filters  the  pump  case  drain  flow,  and 
the  third  element  filters  the  pump  output  flow. 


RETURN  OUTLET- 
CONN  NO.  2 


RETURN  INLET 
CONN  NO.  I 


CASE  DRAIN  OUTLET- 


INLET  VOLUME 
(INCLUDES  INLET 
PASSAGE  VOLUME)  IK, 
TYP  1 


SUPPLY  INLET 
CONN  NO.  5 


SUPPLY  OUTLET 
CONN  NO.  e 


EXIT  VOLUME 
(INCLUDES  ELEMENT 
VOLUME) 

TYP 


ELEMENT 
TY  P 


Figure  2 . 3-82 


Type  No.  82  Filter  Manifold 


6.82-1 


COLUMN 

FOPMAT 

DATA 

1-5 

15 

Component  Number 

6-10 

15 

Type  Number  = 82 

11-15 

15 

Number  of  Real  Data  Cards  = 2 

16-20 

15 

Line  Number  (with  sign)  attached  to  Connection  l(ret.  inlet''  , 

mm 

15 

Line  Number  (with  sign)  attached  to  Connection  ^P(ret . outlet) 

26-30 

15 

Line  Number  (with  sign)  attached  to  Connection  3 (case  dr  inlet) 

31-35 

15 

Line  Number  (with  sign)  attached  to  Connection  4 (case  ctr  outlet 

36-40 

15 

Line  Number  (with  sign)  attached  to  Connection  5(RUP#  inlet; 

41-45 

15 

Line  Number  (with  sign)  attached 'to  Connection  6(sup.  outlet) 

46-50 

15 

51-55 

15 

56-60 

15 

61-65 

15 
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15 

« 

71-75 

15 

76-80 

15 

Temperature/Pressure  Code  (See  Page  4.0-2) 
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CARD  NUMBER  2 


J 

COLUMN 

FORMAT 

DATA 

DIMENSIONS 

1-10 

E10.0 

Inlet  Volume  (Return) 

IN3 

1 

11-20 

E10.0 

Exit  Volume  (Return) 

IN3 

21-30 

E10.0 

Linear  Element  Flow  Constant  (Return) 

See  Note 

31-40 

E10.0 

Non-Linear  Element  Flow  Constant  (Return) 

1 

1 

v-n 

O 

L_  _ 

E1C.0 

Inlet  Volume  (Case  Drain) 

I»3 

51-60 

E10.0 

Exit  Volume  (Case  Drain) 

IN3 

61-70 

E10.0 

Linear  Element  Flow  Constant  (Case  Drain) 

See  Note 

1 

j 
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F10.0 

Non-Linear  Element  Flow  Constant (Case  Drain) 
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CARD  NUMBER  3 


1 — — 

COLUMN 

FORMAT 

DATA 

DIMENSIONS 

1-10 

E10.0 

Inlet  Volume  (Supply; 

IN3 

11-20 

E10.0 

Exit  Volume  (Supply) 

IN3 

21-30 

E10.0 

Linear  Element  Flow  Constant  (Supply) 

See  Note 

31-40 

E10.0 

Non-Linear  Element  Flow  Constant  (Supply) 

tt 

41-50 

E10.0 

51-60 

E10.0 

61- VO 

E10.0 

71-80 

i 

E10.0 

1 

— — — i 
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Note:  The  values  of  the  constants  CONSEL  and  C0NE2  are  determined  using 

the  second  order  relationship 


AF 


CONSEL* Q+C0NE2*Q 


2 


The  pressure  drop  relationship  is  to  be  determined  using  MIL-H-5606 
hydraulic  oil  at  100eF. 


6.82-5 


36-40 


Component  Number 


Type  Number  = 33 


Number  of  Real  Data  Cards  = 1 


Line  Number  (with  sign)  attached  to  Connection  1 


Line  Number  (with  sign)  attached  to  Connection  ?. 


Line  Number  (with  sign)  attached  to  Connection  3 
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Temperature/Pressure  Code  (See  Page  4.0-2) 
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COLUMN 

FORMAT 

DATA 

DIMENSIONS 

1-10 

E10.0 

Inlet  Volume 

IN3 

11-20 

E10.0 

Exit  Volume 

IN3 

21-30 

E10.0 

Element  Flow  Constant 

See  Note 

31-40 

E10.0 

Relief  Valve  Constant 

C.IS/PSI 

41-50 
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Relief  Valve  Cracking  Pressure 

PSI 

51-60 
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61-70 
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Note:  The  value  of  CONSEL  is  determined  using  the  relationship 

AP  = CONSEL*Q 

The  pressure  drop  relationship  is  to  be  determined  using  MIL-K-56Q6 
hydraulic  oil  at  100°F. 


6.92  CAD92  INPUT  CONTROL  DATA 


CAD32  is  used  as  a dummy  input  subroutine  for  the  elevon  position 
commands  and  hinge  moments,  which  are  normally  obtained  from  the  guidance  and 
control  subroutine. 

The  input  data  is  used  as  a time  history  of  the  elevon  input  position 
command,  using  a linear  interpolation  for  times  between  the  data  points. 

The  number  of  input  time  data  points  and  position  command  #ta  points  should 
be  both  equal  to  the  number  input  on  the  first  card  columns  65-70. 
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0 0 0 0 ]||  0|0  U 0 0 6 6|0|6  U 0 8 0 0;0  0 6 I M M n>0  0 0 0 0 (I  0 o o o;o  0 0 0 P 0 0 0 

1 ’ * : » i • i • 'I  : i ) i " it  '1  » }'  •/  mi*  ’*[**  '<  n n » it  v v it  v u 11  ill*  4?  o <4  44,44  run  41 4,  3? 

t 1 IS  i'i  1 M 1 1 M 1 M 1 I M 1 1 1 1 I't  n 1 1 ; 1 m i'll  m 1 11  1 1 i'i  I 11  1 m 1 

■ 1 * , I I 

2 2 2 7 7;?  7 7 7 2 7 7 7 ?|7  7 7 7 7 7 7 7 ? ?j7  7 7 7 7 7 7 7 7 77  7 7 7 7 7 7 7 7 2|7  7 7 7 7I7  7 7 

. , I ! 'I 

3 3 3 3 3 3 3 2 ) 3 3 3 3 3 3 3 3 5 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 1 3 3 3 3 3 3 3 3 3‘3  3 3 3 3 3 3 3 

' I ; 1 1 | 


4 4 i 4 4'4  4 4 4 4 4 4 4 4 4 <4  « 4 4 * 4 4 4 * 4'*  I 4 4 4 4 4 4 « M * 4 I 4ll  4 4 4 4 >4  i 4 i 47  i 4 4 i * 1 4 

■ ) « s J i 1 1 'I  '•  i ■»  nj-i  i ii  -I  :i  • t : i ’•  «li  i>  il  m ' i nli  i-  -i  <:;n  < u ,i  ,|.  , ■ , ,i 

5 5 5 5 b'S  5 3 S 5 5 5 3 5 J;5  5 i 5 ; 5 i b ‘ VS  i i S SjS  i S i 5 i b > 5 bib  b b S b i b 1 b b,b  b > b b b b 


OO'OOOO  0|0t!  000  0 OH  D DrO  Q 0 OO'OOO  00 

ii  »jil  i n ■«  i,!  i ( I,  r.il  v ii  i,  il  ! ’l  it  'VI  ‘i  i , ti 

I l;l  I I I l'l  I I I I M H i'i  M M|1  M 1 I 

I 1 1 1 

? 7'?  ? ? ? 7 7 7 7 7 2'?  1 7 7 ?;?  7 7 2 VI  ? ? ? 7 

1 i 1 I 

3 3 3 3 3 3 3ll  3 3 3 3 3 3 3 3 3’3  3 3 J 3 1 3 3 3 3 

n n (*  n i ih  : mii'm  14  n u 1 1 


4 4 4 4 4 4 

h . 

b b J 5 5 5 


M I I 4 4 4 4 I I I I I 4 I 

' t,  is  ' i M » ’ i 

b 5 J b is  b i j b 3 5 5 J b 


( 8 S t i f 1 4 £ 5 i ( I I ( 4 I i 6 sil  4 I S & 6 B 6 i til  4 I 4 U 6 l 6 (It  6 6 6 5 5 6 6 6 6 6 i 6 

MCDONNtU  AUTOMATION  COMPANf  \ 

iiii:,iiH;mniimiliiiii>iiiii|mii|iiiiiliiimr':l:n 


6 E M 6 F 6 it  6 M 6 5 (6  6 6 5 ' 6 8 6 6 6 6 6 f 

; ’ I ’ > I 1 3 ! M M !M  M ) M ; ! M ' ; 


I M 1 II  l|  I |!|  I I I II  l|  I ill  I I I Ml  I I ill  II  I II  I I I ljl  I I I II  I I I ill  I t f I ( « M 18  8 I I II  M • 'I  I 1 I M ! 8 I I 


I ! M !,!  I S ! Ill  9 ! $ !,M  I I Hi  I I II, 1 9 I!  Ill  I!  I HI  ! 1 ill  1 1 II  I H I ill  ! 9 

i ? i t i i > -i  i i * n •'  r .’j  *#  n .*•  * t»  r,  n 3-  i?  >i  u « j*  \ ••  «i  \ «*  i*  *•  *.  i «»  *t  < 


n 9 n 9 n 9 9 n S M 'J  919  ! n n M 9 S 

« » ’ I 1 * i I ' 1*7  4 » 1 . 


I Mil 


CARD  NUMBER  3 


COLUMN  FORMAT  j DATA 


1-10  E10.0  First  Time  Value  (Should  be  zero) 


I 

11-20  E10.0  | Second  Time  Value 


DIMENSIONS 


21-30  E10.0 


31-40  E10.0 


EXAMPLE  CARD 


One  or  More  Cards  Can  be  Used 


* ?■  ,'4  ^ 7*  it  ;•»  m \7  »*  « *6 


.V  ?«  fi  ?•  !h  T9  v,  V 9?  II  \4  Ifc  V '4  v>  - 


0 0 0 0 013  0 - 0 5 0 0 0 0 0«0  0 0 OgO  0 0 0 OjO  0 0 0 0 0 0 11  0 QjO  0 0 0 fl  0 0 0 0 0;d  0 0 0 P 0 0 0 0 0|0  0 0 0 0 0 0 0 0 Q;0  0 0 0 0|6  0 0 0 (TO  0 0 0 0 

1 • » s 1 k i i i <|  mi;  'j  !(  14  J t 'Mi  ’i  ?i  v n n ?*,»  " s ?i  tt  »i  i>  r u u)j‘  r it  u u 41  v r.  « 0,14  r u <9  ::'y  s:  sj  ><  wSt  y >1  .1  u i>  t;  11  u y 11 1«  cj  1 ■)  ■»  si  *t  ’i  1 n 11 

I 1 I I I ] I I II  1 I I I I I>1  I g I I 11  I I PI  II  I I I 1 I I PI  I I I I I I I I t|l  II  I ill  I I I IM  I I I I I I I I PI  I I I I j I I I 1 1J I I I II 


7'2  7 2 2 2 2 2 2 2 2-2  2 2 2 7 2 2 2 2 2i2  7 2 7 7 ? 2 7 7 2'2  2 2 2 2l?  2 7 2 2'2  7 2 2 2 2 2 2 2 7'7  2 2 2 2 2 2 2 7 2 

1,1  ' j J ' | * 

ID  3 3jj  3 3 3 3 3 3D  Mg  3 3 M 3 3-3  3 3 3 3 M 3 3 3;3  3 3 3 lb  3 3 3 3'3  3 3 3 31  M M’3  3 3 3 3 D 3 3 3 3 

: ! : ■ ! j i 

I 4 4 4 4 4 4 4 4 4 4-4  4 4 4 . 4 4 4 4 4-4  4 4 4 4 I 4 4 4 4 4 4 4 *,  4]l  4 4 4 4 4 4 4 4 4I4  4 4 4 PM  4 4 4 4 4 4 4 4 

■ \ l ’ » ! ‘3  • ::  .j  4 i| . >»  1 r.  ■ ?r  :s  *4  !>J:t  1 ’•  » »•  )?  n ;«  '.j:*  ; : » 1*'.  r o v i,|«  4.  1?  44  ,t  s ,»  ' , », 

I ‘5  * l.  j 5 5 5 5 h VS  i 5 5 3 b S 5 5 5'5  b S 5 5 5 5 5 S 5 '5  5 5 b si*  b 5 5 S<S  5 5 !>  S5  5 5 5 5 S > b 5 S 5 S b 5 i1 

1 I | • ill  1 

'6  6 6 6 6;6  6 6 6 6 '8  6 5 S S S b 6 5 5 S 5 6 6 6 6 6 6 6 ED  6 6 6 6 is  5 S 6 6 6 6 5 6 6 6 6 5 6 6 6 6 6 6 6 6 5 B 6 5 

| MCDONNELL  AUTOMAT  ION  COMPANY  ] It 

|1  I IT  7 I M J7'f  n T J I M ! PI  ; ! i MM  » » )|U  I Ml)  ! IIP?  I M ;j?  J 1 I j;i  I J 7 I I n T ?: 

1 I 1 . I 

;S  8 If  ! 3 ! 3 114  « I ! t 3 3 4 4 7 M 8 1 tjl  I I » 3D  8 « » 81!  4 8 7 ID  I H Mil  4 IE  ID  I 8 8 ! M I 18 


'2  2 2 2 ?:2  2 2 2 2|2  2 2 2 2 

; i 

|3  3 3 ' :,3  3 3 3 3;3  3 i 3 3 
4 4 44  4;4  4 4 4 4;4  ‘.444 
;s  5 5 5 ijs  5 9 l 5;:  5 5 S 5 
:SS66666B66Bf,  666 
•M  ! nil  I I ’ I'M  7 7 7 

; i : 

miimimm 


,9  9 9 9 9 |i  9 9 9 9 ,3  9 9 9 9!l!  3 9 9(9  9 9 9 919  9 9 9 9 9 9 9 9 9|l  9 9 9 9;9  9 9 3 9|9  9 9 9 9 D 9 9 9 9|9  9 9 9 9 D 9 9 9 9!9  9 9 9 3 D 9 9 9 9 

' i ) 'i  1 1 , s : 'tin  ’ n n a it  r.  it  :t  * it  i-  it  u n n ■ I it  tt  i o oi  *'  ••  <t  , ti,  ; „ **  , a t ,?  u a , ■,  , u 


*****•«*«  •*« 


CARD  NUMBER  4 


COLUMN 

FORMAT 

DATA 

DIMENSIONS 

1-10 

E10.0 

Initial  Input  Position  Command  @ T = 0 

in 

11-20 

E10.0 

Subsequent  Input  Commands 

in 

21-30 

E10.0 

31-40 

E10.0 

— 

One  or  More  Cards  can  be  Used 


E10.0 

Final  Input  Command 

E10.0 

i 

— ■ — j 

E10.0 

. . . - ... -i 



EXAMPLE  CARD 


f 


‘ ■»  6 i 'i  .»•  , i?  ; t ;r  a "»  . -?■  v. 


?i  ?S  t*  ?*■  2.  ?r  ?»  ?»  VI  V \?  |.)  \.t  ,,'i  \ | i f ut  n 4 Cl  4 ■ 4 4)4 


0 0 

1 I 

2 2 
1 3 

4 4 

5 5 

6 f 

1 I 

! I 

3 9 


0 0 0 

i * i 

1 I 1 

2 2 2 

3 3 3 

4 I 4 

i * ■ 

5 5 5 

6 6 b 
1 ? ! 

S 4 8 
9 3 9 


3 C 0 0 0 

tiii 

11111 

2 2 2 2 2 

3 fii  3 3 i 

4 4 4 4 4 

i i i i 

3 5 5 5 5 
6 6 1 6 6 

inn 

*8*5* 


•"  -■  -9  ?0  ?•  7?  7*  ?«  71  7*  7'  7a  79  50  9-  17  55  8-t 


« 4 7 4 5 « 4 i 


ooooo'ooaoo 

::  VI  il  lljll  II  il  II  M| 

Mill-Mill 

i 

2 2 2 2 2j2  7 2 2 7 

3 3 3 3 3;3|3  3g 

4 4 4 4 4-4  4 4 4 4 

: i -i  ■•'•t  - 'i  ■!  it | 


OOOOO'OOflOD 

it  ii  i)  ii  njii  n ii  m Ji 

11111-11111 

i 

7222  2-2  2222 
3 3 3 3 3-3  3 3 3 3 

i 

44444-44444 

- n •:  < l vi  ?■  ii  ii  -i 


5 5 5 5 5 3 5 5 5 5|5  5 5 5 5'5  5 5 5 5 

i 

S 5 6 5 6 -6  ( | G 5 
Mcoat 
111  M 1|1  M 1 1 

!S  I t 8 I 9 1 1 1 8 


0 0 0 0 DID  MO  II 

!)-  11  )'  11  ))[it  )I  )!  )!  <l| 

1 I I 1 IM  1 I 1 I 

2 2 2 7 2-2  2 2 2 2 

3 3 3 3 3-3  3 3 3 3 

i 

4 4 4 4-4  4 4 4 4 

1 ■ ii  . [ i i ..  ii 

3 5 ) 5 5-5  5 3 5 5 


no  o o o;o  o o o o 

ill?))  II  Dill  I-  II  11  'll 


COSOO'OOtlOO 

>1  . -I  )1  II 


i i i i i;i  t i i i 


i i i i i-i  i i i i 

i 

2 7 7 2 2'2  2 2 2 2l2  2 2 7 7-2  2 2 2 2 


0 o o o o;o  D 0 0 D 0 0 

V 02  i)  U i:,U  »’  !*  »9  !M  C 

1 1 ! 1 1 ' 1 t 1 11  1 1 

2 2 2 2 2-2  2 2 2 21?  2 


6 6 6 S 6-6  6 6 6 [|S  6 6 6 6 6 6 5 6 6 

MCD&MMELL  AUTOK4ATIOM  COM^A!M\'  | 

M 1 ! Ml  H 111)  M liPIHIM  11l|ll  1 I! 


3 3 3 3 3'3  1 3 3 3 3 3 3 3 3-3  3 3 3 3|3  3 3 3 3 3 3 3 3 3,3  3 

i ' ■ 

4 4 4 4 4-4  4 4 4 4 

r »■  -i  it  ly  i it  n .i 

5 5 5 5 5-5  5 5 5 5 
6666668636 


9 5 9 9 9 19  9 9 9 9 ,*  9 J 9 9 


8 i 4 I I -I  8 8 I l|l  8 3 I 1-8  R 6 6 8'8  I > I 8-8  I I 8 9 


9 9 9 9 9-9  9 9 9 9I9  9 9 9 9 9 9 9 9 919  9 9 9 9-9  9 9 9 9 


14  4 2 4 

v i.  ..  11  d' 

5 5 5 5 5 

6 5 6 6 6 

Mil) 

6 6 16  1 


4 4 4 4 4|4  4 4 4 4 4 4 4 4 4 4 4 

ii  1 11 


5 5 5 5 5 

6 6 5 6 6 
11111 

6 8 8 6 8 


9 9 9 9 3-5  9 9 9 9 


5 5 5 5 5 ,5  5 5 5 sib  5 


1 ' '•  -I  1)  ’■  1 :j  I .)  It  II  I II  1 


j!  11  t»  ; i?  1 11  --  r 1'  11  11  ii  1 1*  )S  )i 


6 6 6 6 6 

11111 

6 6 6 8 6 

9 5 9 9 9 

1 I.  l)  -1  1 


6 6 6 6 6 ■ 6 
)))!)-) 

3 8 8 6 8|8  8 

9 9 9 3 l\i  5 


0 n 0 

-I  -I  -ii 

1 1 1 

2 7 7 

3 J 3 

4 4 4 

5 5 5 

6 5 5 
I 1 1 

8 6 8 

9 9 3 


0 0 D 0 0 

-I  II  II  II  N 

Mill 

2 7 2 2 2 

3 3 3 3 3 

4 4 4 -1  1 

1 -i  1: 

5 5 5 5 5 

6 6 8 6 6 

17  12  1; 

► 

S 

868861. 

« 

1 

9 9 5 3 9 


j.92-5 


6.93  CAD93  INPUT  PUMP  LOAD  DATA 

CAD93  is  used  as  a dummy  input  subroutine  to  give  the  pump  load  torque 
which  is  normally  obtained  from  the  pump  subroutine. 

The  input  data  is  used  as  a time  history  of  the  pump  torque  using  a 
linear  interpolation  for  times  between  the  data  points.  The  number  of  input 
time  data  points  and  torque  data  points  should  be  both  equal  to  the  number 
input  on  the  first  card  columns  65-70. 


COLUMN  FORMAT 


DATA 


11-15 


16-20 


21-25 


26-30 


31-35 


36-40 


41-45 


46-50 


51-55 


56-60 


61-65 


66-70 


Component  Number 


Type  Number  = 93 


Number  of  Real  Data  Cards  = 3 or  more 


Number  of  Data  Points  in  Time  (4  Input)  Data  Table 


76-80 


EXAMPLE  CARD 


l ?*•  3’h  tf  ?•  »f*  M W U ^ K U M I 


’J  i //  M ?4  ?•  , t '<<  .1;' 


0 o c o ii:o  o d o o o o o g o »o  o o 3 c s 0 0 0 0 0 0 0 0 0 0 0 o;o  3 0 0 nip  0 0 0 0,0  0 u 0 olo  0 0 0 o;o  0 0 0 0 0 0 c 0 0:0  0 0 0 0 0 0 0 0 0:0  0 0 0 0 

* \ 1 » t!  ■ ) » 'ij'i  i»  11  'i  :■  ::  *.  i*  1,25  r ?i  u v i?  " ji  • [h  ;*  ji  i?  <: j * *’  • ■ «<  «’  «i  n -tl  >?  i 31  njif  >»  7!  t t 4,  j i>>!m  . *i  >i  ■ • n i >i  t i hi 

1 I I I J ' » 1 I I till  I 1 111  I t II  1 1 I I ft  M I I 1 I 11  H ! H 1 I M n!ll  I u|l!  I II  II  I i lil  I I I P I!  11  M 1 I ft  ! II  I 


‘7  ’ 7 ■>  7 2 2 2 2 2'?  2 2 2 2 2 7 2 2 2<2  7 2 2 7.2  ? 7 7 7‘2  2 2 7 7 7 2 7 7 7 


|l  II  ! ijl  I I I Ml  I i li!  I I I M II  11  I I ! 11]  I ! I I I 
7 7 2 7 ?|?  7 2 J V : 1 2 7i7  2 ? 2 2*2  2 2 7 ?'?  7 7 ? 7 7 7 2 2 2 


3 3 3 3 3 . 3 3 » 3 3 3 3 i'J  3 3 3 3 3 J 3 3 3‘3  3 3 3 3 3 3 3 3 3'3  3 3 3 3I3  7 3 3 3'3  3 3 3 ? ■ 3 3 3 3 3 3 3 3 1'7  3 ‘ 3 1 3 3 3 3 1!3  3 3 J J 3 3 3 3 3 

, , ! | . ] ; j 

4 4 4 4 4 ‘ M * 4 4 4 4 4 4<4  4 4 I 4 4 4 4 4 4‘4  I 4 I I 4 I 4 4 M 4 4 < 4 I 4 4 I til  4 4 4 4 4 4 4 4 4 4 4 4 4 4 I 4 4 4 I 4 I 4 1 1 4 4 4 4 4 4 I 4 4 4 

■ ' * 1 1 " 1 ■ 1 . ■ J '■»  1 ‘I  i 'i  :■  :>  "J ’tin  v * ;*  >il  j.  •;  n . >>  •.  ■'  o <1  1 j.i  1 i>  i-  , • ■ y . . ■ 'u  > 1,  .1  1 - ; . 1 , . 

5 5 Sgj  S'S  b S 5 Mb  S 5 5 5'S  b S S : S b S S b'S  b S J S b b 9 b b'b  S 1 S bib  b b b b'b  b b b bib  5 b i b'b  b b b b b b i b b'S  b S S bib  b b b b i 5 S b 


•5  6 i 6 6 5 5 6 6 5 >5  I 5 6 615  6 5 6 C 6 6 5 5 6 !S  8 6 E S >6  6 » 6 516  6 6 6 6 

MCOO/VWU.  AUTOK1ATIOH  OOMPAK/Y 

'7  I 7 7 7 7 7 7 I 7'7  7 7 7 7 |7  7 7 7 7 1!  I I I 7|!  7 M 7i|  ? I J 7!?  I 7 1 I 


6 M i 6 '6  6 0 ' 6 6 S 5 6 5 :E  4 6 6 6 5 6 6 6 5 6 6 6 6 6 !6  b 6 £ 5 

3 7 f 7 7 !’  7 : ? 7 ’ 7 7 ! 7 j7  7 7 7 7 .'7  7 7 7 7 '(  - I ’ 7 ' T 7 7 7 7 


i 11  I S'l  I a ! I « I II  8 'I!  J I 1 1 3 i I »'«  I I I It  8 I I 4 ( M I B<!  I I I M I It  JjM  8 t 4 5 M I lit  ! HI  I I I M II  I 7.  4 I Ml  I I 

j * ' i 1 i i 

9 ; 2 h!s  ! S|  bin  S ! )!s  3 M H ! I n',M  M M I I nil!  H |!|  M n'n  H »|n  n M 9 9 n|g  ! M H H sin  M 9!  n S 9 


1*  ) JI  :2  }}  t<  li  H .•  JI  1 • 1?  n 34  Vi  .1  ■ it  »j  47  . 4’  I!  It  4 II  It 


J 

I 


COLUMN 

FORMAT 

DATA 

DIMENSIONS 

1-10 

E10.0 

Pump  Load  a Zero  Pump  Speed 

in  lbs 

11-20 

E10.0 

Pump  Load/Speed  Slope 

in  Ibs/rpm 

21-30 

E10.0 

Inertial  Pump  RPM 

rpm 

31-40 

E10.0 

41-50 

E10.0 

. 

51-60 

E10.0 

] 

61-70 

E10.0 

.... 

! 

j 

71-80 

E10.0 



- 

EXAMPLE  CARD 


«r  a n . 


4 n n it . 

* 9 /O  2 ;;  fW*  > 7i  M .1  ?»  V'  v W 11  '«  ■'  }»  </  H m 

«,  -r  m >*  to  . ? t\  ?4  r«  .* * t\  : • ''  ' •.*  ««  » 


a 0 0 0 01Q  0 Q g 0 0 0 D 0 Oit)  0 0 0 D Q Q 0 0 0<l  9igQ  3 I e 0 0'3  0 0 0 r,  D D 0 M;n  Q o C ?10  0 0 0 0 a 0 C (j  Q|0  0 9 0 0 0 0 0 0 0 0 0 c o o;m  0 0 Q 

; ] i , 1 1 I 9 n ,)  !i  lil'i  " i|  H n M i:  ?)  ?l  IS |*l  !'?»’«  )<  |i  V J*  X h|  * r M :»  «•  4 *'  «’  « «MI  4 <1  *9  H;  i > » > M wu  r » M li.tM'  M H 1 ” '1  ’*  ;'»’l  *’  'I  ’*  « 

| I I I l'l  I I 1 1 I I I 1 10  I I I 1 I I I I I'l  I 1 1 I I 11  I II  I I I I I I U I'l  II  I l|u  U I'l  11  I llll  I I 1 I I I I I I I 1 1 I'M  1 I ! 

' 1 1 ' 1 ! 

2 2 2 2 2'2  2 2 2 2 2 2 2 2 2>2  7 2 2 | 2 2 2 2 2^2  2 2 7 2 2 2 2 2 M 2 2 7 2 2 2 2 2 2;2  2 2 7 2 7 2 7 2 2 2 7 > 2 2:2  2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7 2 


1 I I II 

2 2 2 7 2 

3 3 3 3 3 

4 4 4 4 ' 

; i ) 

5 5 5 5b 
SMOG 
1 I M I 

iiiii 

5 9 9 9 3 


3 13  3 1 3 1 3 3 30  3|  3 3 3 J 3 J J;3  JJ  J j3  1 J 130  1 3 1 3 3 3 3 3 3Ji  3 3 3 3|3  3 3 3 3 1 U 3 3*3  3 3 3 30  3 3 3 3 13  3 J J J;3  3 3 3 3 

4 4 1 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4f  4 4 4 4 4 4 4 4 40  I 4 4 4 '4  i 4 4 4.1  4 4 4 4^4  4 4 i i 4 1 4 4 «;4  4 4 4 4,1  4 4 4 4 j4  4 4 4 4 4 4 4 4 4 

i 1 % i4  1 :?  j i«  j J i 1 t|  n n } r.  ?i  :ij*i  • '»  « u r v 10  a J i in  *![•  « *.  14  •-»*•*  «i  n * . > s • x c »♦  ti  i • 4 'j(  » ’ 1 1 *! 

5 5 5 5 5 5 5 5 5 55  5 S 5 5 5 5 5 5 5'5  5 5 5 5 5 5 5 5 b‘5  5 5 5 5 5 0 5 5 5 5 5 5 5 bib  5 ' J ■ b 5 b 5 5|l  b 5 5 5 5 5 5 5 bib  5 5 5 5 5 : 5 5 5 

i i I i E 6 « M i'l  I t 3 i i S « 8 6 E 6 9 ( i < M M 6 5 6 615  f S t SO  { 5 G 6 0 i i S f S 5 i G S|G  G 6 S 6 S 6 G 6 6 !6  6 6 6 SO  b 6 6 G 

MCDONNELL  AUTOMATION  COMPANY  \ I , j 

1 1 17  J J 2 2 ’ J'J  J T 7 I 2 I 2 MO  1 7 2 M M 1 I"  1 M III  1 I > I : ’ M ■ I ; ) I ; i ! ' !,)  1 , ; M ; ’ I l!n  M I’M  M 1 f ; 

; : : ! j : t 

I I I II  I 1 1 I l!l  III  I I 1 1 1 11 1 C l!l  1 1 )H  I I H 1 I I M!  I I I Iv  I I I H M I I I I I I i H I I l;l  1 1 III  1 1 I I 

9 9 3 9 J 3 9 9 ! 13  9 I ! I * 1 M M 1 1 » l1*  M I iJlM  I I 9 9 9 1 $!l  9 9 HIM  9 9 9!  ! 9 9 2,4  9 9 J 9 » 3 9 J ill  9 9 9 L!  9 19  9 ' 

, i i : 1 14  » i " •!  '» *i  ?i  n n u h n v n n * n w » u n » • m h »•  * 4'  «j  4.  a . «i  u a v h h ‘5  « ■*  ».  •-  .♦  > * » ‘ ! • ’s  » '*  • 


rimi 


COLUMN 

FORMAT 

1-10 

El  0.0 

11-20 

E10.0 

21-30 

E10.C 

31-40 

E10 . 0 
U. 

DIMENSIONS 


One  or  More  Cards  Can  Be  Used 
| El. 0 . 0 Final  Time  Value 

I 


E10.0 


.*«  ?•»  /c  t • . « * w v ijgt  m w j*  u n »n 


0 0 0 0 0 

1 II  I I 

2 2 2?? 

3 3 2 3 3 

4 4 « : 4 

' » 

5 5 5 3 5 

6 h 6 6 5 
i I I I I 

. 

i M » 
93959! 


: 3 j g 0 0 

• iif 
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FIGURE  6.95-1 

TYPE  NO.  95  AUXILIARY  POWER  UNIT 

The  Type  // 95  auxiliary  power  unit  is  a simple  turbine  engine  feed  by  a fuel 
pump.  The  turbine  is  used  to  power  a hydraulic  pump  through  a gear  box  connection. 
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On  the  fourth  card  and  subsequent  ones  if  needed  the  values  of  U/C  (rrom 
£ the  APU  efficiently  vs  U/C  curves).  The  number  of  U/C  values  correspond  to  the 
number  in  columns  26-30  of  the  first  data  card. 
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The  next  group  of  data  to  be  entered  are  che  inlet  pressures.  These  values  are. 
entered  in  the  next  available  data  field  after  the  final  U/C  values.  The  number 
of  inlet  pressures  is  the  same  as  the  number  in  columns  21-25  of  the  first  APU  data 


| _ £10,0-4 


One  or  More  Cards  Car  be  Used 
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The  final  set  of  data  entered  is  the  efficiencies.  The  number  of  efficiency 
values  equals  the  product  of  card  columns  21-25  and  26-30  on  the  first  APU  card 
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6.98  CAD98  INPUT  CONTROL  DATA 

CAD98  is  used  as  a dummy  input  subroutine  for  actuator  position  commands 
for  multiple  actuator  systems.  Up  to  nine  actuators  may  be  controlled  by 
CAD98.  Unlike  CAD92,  hinge  moments  are  not  supplied  to  the  actuators. 
Commands  are.  updated  at  .020  second  intervals. 

The  input  data  is  used  as  a time  history  of  the  actuator  input  position 
command,  using  a linear  interpolation  for  times  between  the  data  points. 

The  number  of  input  time  data  points  and  position  coimiand  data  points  should 
be  both  equal  to  the  number  input  on  the  first  card  columns  65-70. 
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CARD  NUMBER  1 
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One  or  More  Cards  Can  Be  Used 
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One  or  More  Cards  Can  Be  Used 
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6.99.1  TYPE99  SDF  INTERFACE 

CAD99  is  a special  component  which  provides  the  necessary  interface 
between  HYTRAN  and  SDF. 

The  CAD99  subroutine  used  must  be  either  for  the  ascent  flight  or  the 


descent  flight. 


CARD  NUMBER  1 


COLUMN 


16-2C 


21-25 


26-30 


31-35 


36-40 


41-45 


46-50 


51-55 


56-60 


61-65 


66-70 


71-75 


76-80 


EXAMPLE  CARD 


Component  Number 


Type  Number  = 99 


Number  of  Real  Data  Cards  = 0 


Left  Outboard  Eleven  Component  Number 


Left  Inboard  Elevon  Component  Number 


Right  Outboard  Elevon  Component  Number 


Right  Inboard  Elevon  Component  Number 


Rudder /Speedbrake  Component  Number 


Body  Flap  Component  Number 


No.  1 Pitch  TVC  Component  Number  * 


No.  i Yaw  TVC  Component  Number  * 


No.  2 Pitch  TVC  Component  Number  * 


No.  2 Yaw  TVC  Component  Number  * 


No.  3 Pitch  TVC  Component  Number  * 


No.  3 Yaw  TVC  Component  Number  * 


Temperature/Pressure  Code  (See  Page  4.0-2) 


* Note:  Not  used  in  descent  simulation 
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6.100  ACTUATORS 


The  actuator  models  are  setup  for  a specific  actuator  or  for  a general 
type.  The  general  type  can  be  used  to  simulate  actuators  by  using  the 
appropriate  input  data,  if  the  general  configuration  is  clore  enough  to  be 
acceptable.  The  following  types  are  currently  available. 

Type  #101  Valve  Controlled  Actuator  (ACT101) 

Type  #102  Utility  Actuator  (ACT102) 

Type  #103  Shuttle  Elevon  Actuator  (ACT103) 

Type  #104  Engine  Control  Actuator  (ACT104) 

Type  #105  Thrust  Vector  Control  Actuator  (ACT105) 

Type  #106  Shuttle  Body  Flap  (ACT106) 

Type  #107  Shuttle  Rudder/Speedbrake  (ACT107) 

Note:  Zero  stroke  (noted  in  the  input  data)  is  defined  as  the  piston 

position  when  actuator  is  fully  retracted. 


6.100-1 


No.  2 Volume 


No.  1 Volume 


FIGURE  6.101-1 

TYPE  NO.  101  VALVE  CONTROLLED  ACTUATOR 

The  valve  controlled  actuator  is  an  actuator  with  an  integral  valve  that  is 

typical  of  servoactuators . One  line  is  connected  to  pressure  port  and  one  line  is 
connected  to  return  po^t.  Actuator  designs  that  can  be  used  are  as  follows: 
o Balanced  actuator 
o Unbalanced  actuator 
o Partially  balanced  actuator 
o Tandem  balanced  or  unbalanced  actuator 

o Parallel  balanced  or  unbalanced  actuator  (provided  all  piston 
rods  react  a common  load). 

Unbalanced  actuators  require  a node  in  Volume  No.  1,  see  Section  7.0. 
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COLUMN 

FORMAT 

DATA 

1-10 

E10.0 

NO.  1 AREA 
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NO.  2 AREA 
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NO.  1 VOLUME  AT  ZERO  STROKE 
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El  0.0 
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COLUMN 

FORMAT 

DATA 

DIMENSIONS 

1-10 

E10.0 

SLOT  WIDTH  VOL  #1  TO  CON  //  L (when  xv  is  positive 

IN 

11-20 

E10.0 

(when  xv  is 

SLOT  WIDTH  VOL  #1  TO  CON  #2  negative) 

IN 

21-30 

E10.0 

(when  xv  i s 

SLOT  WIDTH  VOL  #2  TO  (ON  //I  negative) 

IN 

[ 

31-40 

E10.0 

SLOT  WIDTH  VOL  /•/  TO  CON  it  2 (when  xv  is  positive 

IN 

41-50 

E10.0 

COMPRESSIVE  LOAD  WITH  ACTUATOR  FULLY 
RETRACTED 

LBS 

51-60 

El  0.0 

COMPRESSIVE  LOAD  WITH  ACTUATOR  FULLY 
EXTENDED 

LBS 

61-70 

E 10.0 

INITIAL  ACTUATOR  POSITION 

IN  ! 
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71-80 
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COLUMN  FORMAT  j DATA 


DIMENSIONS 


1-10  E10.0 


11-20  E10.0 


21-30  E10.0 


31-40  E10.0 


41--50  E1C.0 


<1-60  j R10.0 


First  Time  Value  - Should  be  0.0 


(Enter  as  many  time  values  as 


required  using  as  many  columns 


and  cards  as  necessary  - Final 


time  should  be  final  calculation  time) 
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COLUMN  FORMAT  j DATA 


DIMENSIONS 


1-10  E10.0 


Initial  Valve  Position  @ T = 0.0 


11-20  E10.0  j (Enter  as  many  valve  positions  as 


21-30  E10.0 


time  values) . 


31-40  E10.0 


41-50  E10.0 


51-60  ; E10.0 


61-70  E10.0 
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6 . 10.2  TYPE  #102  UTILITY  ACTUATOR 


FIGURE  6.102-1 

TYPE  NO.  102  UTILITY  ACTUATOR 

This  is  a simple  utility  type  actuator  with  a line  connected  to  the 
extend  port  and  a line  connected  to  the  retract  port.  Actuator  designs  that 
can  be  used  are  as  follows: 
o Balanced  actuator 
o Unbalanced  actuator 
o Partially  balanced  actuator 
o Tandem  balanced  or  unbalanced  actuator 

o Parallel  balanced  or  unbalanced  actuator  (provided  piston  rods 
react  a common  load) . 

Unbalanced  actuators  require  a node  in  Volume  No.  1,  see  Section  7.0. 
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Component  Number 


Type  Number  = 102 


Number  of  Real  Data  Cards  = 2 


Line  Number  (with  sign)  attached  to  Connection  1 


Line  Number  (with  sign)  attached  to  Connection  2 


Temperature/Pressure  Code  (See  Page  4.0-2) 
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CARD  NUMBER  2 


COLUMN 

FORMAT 

DATA 

DIMENSIONS 

1-10 

E10.0 

//I  Piston  Area  (Extend) 

in2 

11-20 

E10.0 

#2  Piston  Area  (Retract) 

in2 

21-30 

E10.0 

//I  Volume  at  Zero  Stroke  * 

in3 

31-40 

E10.0 

it 2 Volume  at  Zero  Stroke  * 

in3 

41-50 

E10.0 

Stroke  to  Minimum  Position  (-ve  or  aero) 

in 

51-60 

E10.0 

Stroke  to  Maximum  Position  (H-ve  or  zero) 

in 

. _ . . 

61-70 

E10.0 

Seal  Friction 

lb-sec 

in  i 

71-80 

— 

E10.0 

Piston  Mass 

2 

lb-sec.  /in 

* Zero  stroke  may  he  at  one  of  the  limits. 
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CARD  NUMBER  3 


COLUMN 
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DATA 

- 

DIMENSIONS 

1-10 

E10.0 

Load  at  Min.  Stroke  (retracted) 

ib 

11-20 

E10.0 

Load  at  Max.  Stroke  (extended) 

ib 

21-30 

E10.0 

Initial  Stroke  at  Time  T = 0.0 

in  ! 
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6.103  TYPE  //103  SHUTTLE  ELEVON  ACTUATOR 


Subroutine  ACT103  models  the  shuttle  elevon  actuators,  the  layout  of 
which  is  shown  in  Figure  6.103-1.  The  elevon  actuators  operate  from  a 
single  pair  of  hydraulic  supply  and  return  lines.  This  supply  and  return 
is  normally  supplied  by  the  three  hydraulic  systems  via  a switching  valve 
module  as  shown  in  Figure  6.103-2.  For  the  purposes  of  modeling  the 
switching  valve  module  is  considered  to  be  a separate  component.  The  input 
command  and  hinge  moments  are  supplied  by  a Guidance  and  Control  subroutine 
which  updates  the  values  at  each  sample  time  interval  of  the  guidance  system 
which  is  .04  seconds.  The  initial  position  of  the  elevon  actuator  and  the 
aerodynamic  load  on  the  elevon,  which  are  inputted,  are  used  to  calculate  an 
initial  value  for  VC.  This  computed  value  is  then  used  as  the  initial 
command  to  the  system.  All  other  variables  are  initialized  to  zero. 


ELEVON  ACTUATION  CONTROL  SYSTEM.  MODEL 


FIGURE  6.103- 


ELEVOM  HYDRAULIC  CONTROL  SYSTEM 
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COLUMN  FORMAT 
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Component  Number 


Type  Number  = 103 


Number  of  Real  Data  Cards  = 2 


Line  Number  (with  sign)  attached  to 


Line  Number  (with  sign)  attached  to 


Line  Number  (with  sign)  attached  to 


Line  Number  (with  sign)  attached  to 


Line  Number  (with  sign)  attached  to 


Line  Number  (with  sign)  attached  to 


Connection  1 (Primary) 


Connection  2 (Primary) 


Connection  3 (Standby  // 1 ) 


Connection  4 (Standby  #1) 


Connection  5 (Standb;-  it 2) 


Connection  6(Standbv  it 2) 


Primary  Hydraulic  System  No. 


Standby  it  1 Hydraulic  System  No. 


Temperature/Pressure  Code  (See  Page  4.0-2) 


11  10  5 


+ 1=  -18 

i - • 


.*  n >•  ' ' v M \*>  vi  ■ 


I 0 0 0 OiO  0 0 g 0 3 0 0 0 0 >Q  0 0 0 G 0 Q 0 0 O'O  0 0 0 3 0 0 DO  O’O  0 0 0 n fl  0 0 0 0 

■ i i i 

• 1 * • 1 lj' • • 1 i 11,14  1 '•  » Jl  M 7?  n >•  h{*  ' I M ’ 1MM4  )••»  > '»  1 it  i 4)  t)  11 

1 M )!  Jl1  I g M|!  n I l;t  1 1 ■ 1 1 M g n I 1 I I I It  1 IU  M I I 11  I I 1 


2 2 2 2 1 


1 7 1 1 1 17 7 1 Sd  2 1 J 7 2 7 1 1 2 2 1 1 J 2 2 2 2 2 1 

, I 

3 3 3 J"  3 3 3 ) 3;3  J 3 3 3 3 3 3 3 3 3 3 1 3 3 3 3 3 3 2 

4 4 4 4 4 4 4 4 4 4'4  4 4 4 t 4 4 4 4 4|4  4 4 4 4 4 4 4 4 4 

. . , ■ I < >;  • ■ ■ ' 

b b S i j b j 5 5 5 b J 3 bg  ">  b J b : i b b b sib  <>  i S S 

* ' i 


I II  111  1 I I i 


2222222222 

3333333333 

4 4 4 1 4 1 4 4 4 4 

t 

i . .i  u * 

b b i b bis  a b b b 


6 i S S l 6 3 8 6 6 6 6 6 5 »'  t g 6 6 16  b G 6 8 6 6 6 6 5 16  6 6 6 6 5 6 C 6 6 16  6 6 6 6 

' M COONNE L L AUTOMATION  COMPANY 

i 1 ! I ' M 1 ! l!’  I I 1 I'l  M 1 '!)  ) 1 ! i II  1 I 'll  M 1 M 1 1 1 I J)  1 I 1 1 

I ' I : I 

5 5 j b 5 3 9 t 9 3 1 1 9 9 1,3  9 5 J j|s  3 9 9 S|'j  9 J 3 i|j  J J 3 • ! M ! j|»  J 9 ! I 

* I . ’ . '4  Ml.;’  MU  U 41  B .‘f  » ’Ml  u I.  n ■ !l  If  If  r 


0 Q 0 0 PiO  0 0 0 C O 3 0 0 0 0 Q 0 C <3 


1111113 


2 2 3 3 2 2 3 


3 3 3 3 3 3 3 


4 4 4 4 4 4 1 


i b b 3 b!b  b 


f 6 6 6 6;C  3 


ill)!’) 


I I Mill 


1 Mil  11 


2 ? 2 1 2 2 2 ? ’ 

i 

3 3 3|3  3 3 3 i 


4 4 4 1 4 4 4 1 


bbb-b.ibbb 


6 6 6,6  6 j 5 6 


I i hi  ’ I M 


8 I E 8 <B  S3  B 8 


Q030000QU 


1 1 1 1 l 1 1 1 1 


1 , 1 1 *)  3 ' 1 


' ' ] i j * • 3 


* 4 i i 4 4 ; 4 4 


b 6 s : a * r c e 


M : h M u 


9 3 9 9 1 9 9 9 9 9,9  9 9 9 9!9  9 9 9 


T 


CARD  NUMBER 


COLUMN  FORMAT  DATA 


DIMENSIONS 


1-10  E10.0  Number  of  Operative  Channels 


11-20  E10.0 


Bernoulli  Force  Coefficient 


21-30  E10.0  Power  Spool  Flow  Gain 


31-40  E10.0  Effective  Surface  Actuator  Area 


in  /(sec  lb) 


41-50  E10.0  ] Structural  Stiffness 


lb  /in 


51-60  : E10.0  Elevon  Moment  of  Inertia  About  Hinge  Line 


61-70  E10.0  Effective  Elevon  Damping  Coefficien 


Linear  Position  Transducer  Gain 


i n- 1 b- sec 


i n- 1 b-sec 


6.103-5 


COLUMN  FORMAT  j DATA 

! 


1-10  E10.0  #1  Cavit^  Volume  at  Mid-Stroke 


11-20  E10.0  #2  Cavity  Volume  at  Mid-Stroke 


DIMENSIONS 


21-30  E10.0 


31-40  E10.0  Initial  Position  of  Elevon  Actuator 


1st  Moment  Arm  Constant  (XL) 


51-60  | E10.0  2nd  Moment  Arm  Constant  (XL)' 


in/ in 


61-70 


3rd  Moment  Arm  Constant  (XL) 


4th  Moment  Arm  Constant  (XL) 
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6.104  TYPE  £104  SHUTTLE  ENGINE  CONTROL  ACTUATOR 


FIGURE  6.104-] 

TYPE  NO.  104  SHUTTLE  ENGINE  CONTROL  ACTUATOR 
The  No.  104  actuator  is  a model  of  a push-push  servoactuator . External 
loads  as  well  as  friction  ara  not  included  in  the  model.  Data  inputs  required 
are  position  transducer  gain,  servovalve  gain  constant,  average  effective 
moment  arm  and  piston  area. 
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COLUMN 

’ 

FORMAT 

. 

DATA 

1-5 

15 

Component  Number 

6-10 

15 

Type  Number  = 

11-15 

15 

Number  of  Real  Data  Cards  = ^ 

16-20 

15 

Line  Number  (with  sign)  attached  to  Connection  1 

21-25 

15 

Line  Number  (with  sign)  attached  to  Connection  2 

41-45 


6-50 


51-55 


56-60 
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Temperature/Pressure  Code  (See  Page  4.0-2) 
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6.104-3 


6.105  TYPE  #105  THRUST  VECTOR  CONTROL  ACTUATOR 


Subroutine  ACTIOS  models  the  shuttle  Thrust  Vector  Control  (TVC) 
actuators.  Figure  6.105-1.  The  TVC  actuators  operate  from  a single  pair  of 
hydraulic  supply  and  return  lines.  This  supply  and  return  is  normally 
supplied  by  the  three  hydraulic  systems  via  a switching  valve  module  as 
shown  in  Figure  6.105-2.  The  input  cormand  and  hinge  moments  are.  supplied 
by  a Guidance  and  Control  subroutine  which  updates  the  values  at  each  sample 
time  interval  of  the  guidance  system  which  is  .04  seconds.  The  initial 
position  of  the  TVC  actuator  and  the  dynamic  load  on  the  actuator  are 
calculated  from  the  initial  command  supplied  by  the  Guidance  and  Control 
subroutine.  All  other  variables  are  initialized  relative  to  the  initial 


actuator  position. 


PUMP  PUMP  PUMP 


ACTUATOR 


CARD  NUMBER  1 


m. 


COLUMN  FORMAT 
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16-20 
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31-35 


36-40 


41-45 
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51-55 


56-60 


6]  -65 


66-70 


71-75 


76-80 


DATA 

Component  Numbet 

Type  Number 

= 105 

Number  of  Real  Data  Cards  - 2 

Line  Number 

(with 

sign) 

attached 

to 

Connection 

1 

(Primary) 

Line  Number 

(with 

sign) 

attached 

to 

Connection 

2 

(Primary) 

Line  Number 

(with 

sign) 

attached 

to 

Connection 

3 

(Standby  #1) 
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(with 

sign) 

attached 

to 

Connection 

4 

(Standby  (/l) 

Line  Number 

(with 

sign) 

attached 

to 

Connection 
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(Standby  #2) 

Line  Number 

(with 

sign) 

attachet 

to 

Connection 
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(Standby  #2) 

Primary  Hydraulic  System  No. 


Standby  //I  Hydraulic  System  No. 


Temperature/Pressur e Code  (See  Page  4.0-2) 
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CARD  NUMBER  2 


COLUMN  FORMAT  DATA 


DIMENSIONS 


1-10  E10.0  Number  of  Operative  Channels 


11-20  E10.0  Bernoulli  Force  Coefficient 


21-30  E10.0  Power  Spool  Flow  Gain 


CIS/lb 


31-40  I E10.0  Effective  TVC  Actuator  Area 


41-50  E10.0  Structural  Stiffness 
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CA.KD  NUMBER  3 


COLUMN 

FORMAT 

— 

DATA 

DIMENSIONS 

1-10 

E10.0 

#1  Cavity  Volume  at  Mid-stroke 

. 3 
in 

11-20 

El  0.0 

#2  Cavity  Volume  at  Mid-stroke 

. 3 
in 

21-30 

E1U.0 

Power  Spool  Feedback  Gain 

in-lb  | 

In  1 

31 —AO  E10.0  ! 1st  Moment  Arm  Constant 

I 


41-50  j E1G.U  I 3rd  Moment  Arm  Constant  C(XL) 


j 51-60  j E10.0  i 3rd  Moment  Arm  Constant  f(XL)2 


I 

61-70  j E10.0 


I 71-P0  I E 


Note:  A] 1 other  actuator  variables  are  inputted  as  data  in  the  TVC 

subrout ire . 
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6.106  TYPE  #106  BODY  FLAP 


Subroutine  ACT106  is  a model  of  the  space  shuttle  body  flap  actuation 
subsystem,  a schematic  of  which  is  shown  in  Figure  6.106--1.  The  subsystem 
basically  consists  of  three  hydraulic  motors,  a valve,  a mechanical  drive 
unit  and  rotary  surface  actuators.  The  component  has  six  hydraulic 
connections,  two  for  each  hydraulic  system  attached  to  it.  Erch  system  powers 
a motor.  The  output  of  the  motors  is  summed  in  the  mechanical  drive  which 
in  turn  drives  the  rotary  surface  actuators  to  position  the  body  flap. 

A single  valve  controls  the  flow  to  all  three  motors.  The  guidance 
and  control  subroutine  provides  the  input  commands  and  hinge  moments  at  each 
sample  time  interval  of  the  guidance  system,  which  is  .04  seconds.  The 
valve  may  be  commanded  to  open  in  the  extend,  direction,  open  in  the  retract 
direction  or  close. 

The  body  flap  subsystem  is  essentially  an  open  loop  system  with  no 
feedback  between  the  body  flap  and  the  valve.  The  position  of  the  body  flap 
is  supplied  to  the  command  and  control  subroutine  which  commands  the  position 
of  the  valve. 
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CARD  NUMBER  1 
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Component  Number 


Type  Number  = 106 


Number  of  Real  Data  Cards  - 0 


Line  Number  (with  sign)  attached  to 
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Line  Number  (with  sign)  attached  to 


Line  Number  (with  sign)  attached  to 


Line  Number  (with  sign)  attached  to 


Line  Number  (with  sign)  atLached  to 
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Connection  2 


Connection  3 
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Temperature/Pressure  Code  (See  Page  4.0-2) 
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6.107  TYPE  #107  RUDDER/ SPEEDBRAKE  ACTUATOR 


Subroutine  ACT107  models  the  shuttle  Rudder /Speedbrake  actuation 
subsystem,  the  layout  of  which  is  shown  in  Figure  6.107-1.  The  subsystem 
consists  of  six  hydraulic  motors,  two  power  valves  and  two  4 channel 
servo  actuators.  Each  system  powers  two  motors,  one  for  the  rudder  and 
one  for  the  speedbrake.  The  control  valves  are  powered  by  a single  system. 
All  three  hydraulic  systems  power  the  motors  and  a switching  valve  selects 
one  of  the  three  systems  to  supply  the  control  valves.  A single  power 
valve  controls  all  three  rudder  motors  and  a single  power  valve  controls 
all  three  speedbrake  motors.  The  rudder  and  speedbrake  power  valves 
are  each  controlled  by  a 4 channel  servo  actuator. 

The  input  command  and  hinge  moments  are  supplied  bv  a guidance  and 
control  subroutine  which  updates  the  values  at  each  sample  time  interval 
of  the  guidance  system  which  is  .04  seconds. 

Since  the  complete  rudder /speedbrake  system  is  contained  in  the  ACT107 
model,  and  since  this  model  is  unique  to  the  shuttle,  all  the  values 
for  the  constants  have  been  placed  within  the  subroutine  itself  eliminating 
the  need  for  any  input  data. 
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7.0  SYSTEM  ARRANGEMENT  DATA 


This  section  of  input  data  is  used  to  describe  the  system  arrangement. 

Having  input  the  necessary  information  for  all  system  lines  and  components, 
one  must  now  input  the  way  in  which  these  components  and  lines  are  inter- 
connected . 

Special  Cases 

If  a leg  is  terminated  by  a constant  pressure  source,  the  constant  pressure 
has  to  be  input  along  with  the  leg  connection  information.  A current  restriction 
requires  that  only  nodes  with  a single  leg  can  have  a constant  pressure  termina- 
tion. A second  restriction  is  that  there  must  be  at  least  one  variable  node. 
Nodes  should  not  be  placed  in  the  center  of  any  component  having  a pressure  loss 
since  each  leg  connected  to  the  node  will  include  the  pressure  drop  of  the 
component . 

Other  component  restrictions  are  as  follows: 

Valves  - VALV22  can  require  anywhere  from  zero  to  4 nodes  depending  upon 
the  valve  usage.  The  four-way  and  three-way  versions  of  VALV22  are  described  as 
follows : 


SUPPLY 


FOUR-WAY 


SUPPLY 


THRlE-WAY 


dii 


The  valve  schematic  should  be  established  for  steady  state  operation  including 
any  interflow  paths.  A node  is  then  required  at  every  connection  that  splits 
or  merges  flow  (including  interflow  leakage)  and  at  any  connection  that  termi- 
nates flow. 

Actuators  - Unbalanced  actuators  must  include  a node  which  is  used  to  account 
for  any  flow  gain  or  loss  in  event  the  actuator  is  in  motion  during  steady 
state  conditions. 

Reservoirs  - 

o RSVR61  requires  one  node  which  should  not  be  a constant  pressure  node. 

o RSVR62  requires  two  nodes  open  ended  (not  connected  by  a leg) . One 
node  is  considered  to  be  on  the  low  pressure  side  with  the  other  node  considered 
on  the  high  pressure  side. 

7.1  GENERAL  DATA 

On  this  card  input  the  number  of  nodes,  the  number  of  legs  and  the  number 
of  constant  pressure  points,  the  number  of  zero  flow  legs  and  the  number  of 
h J-ail'c  systems. 

A zero  flow  leg  is  a dead  ended  line  with  no  steady  s.ate  .’low.  The 
pressure  at  thr  end  of  the  leg  is  determined  by  the  steady  state  program. 
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7 . 2 LEG  INPUT  DATA 


Two  or  more  cards  are  required  to  input  the  data  for  each  leg.  The  first 
card  contains  the  leg  number,  upstream  node  number,  downstream  node  number, 
number  of  elements  in  the  leg,  initial  flow  guess,  constant  pressure  at 
upstream  node  if  applicable  and  constant  pressure  at  downstream  node,  if 
applicable. 

The  second  card  or  cards  contains  the  leg  connection  details.  Starting 
with  the  component  or  line  at  the  upstream  node  and  progressing  along  the  flo' 
path  to  the  downstream  node,  the  element  number  and  type  are  input.  Because 
of  the  mixture  of  lines  and  components,  the  need  to  differentiate  between 
the  element  numbering  system  is  as  follows: 

First  Pair  of  Data 

First  value  >0  Component  number 
=0  Element  is  a line 

Second  value  = *Componeni.  connection  number  or  line  number 

n'Jse  upstream  connection  if  the  component  has  upstream  and  downstream  connect 
in  the  same  leg. 

This  is  repeated  N times  for  the  N elements  in  the  leg. 
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CARD  NUMBER  1 


COLUMN  FORMAT  DAW 


DIMENSIONS 


-60  I EI0.0 


Leg  Number 


Upstream  Noae  Number 


Downstream  Node  Humber 


Number  of  Elements  in  Leg 


21-30  E10.0  Initial  Flow  Guess 


31-4C  j F.10.0  Constant  Pressure  at  Upstream  Ncde 


41-50  E10.0  Constant  Pressure  at  Doimstream  Node 


61-70  E10.0 
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8 . 0 OUTPUT  REQUIREMENTS  DATA 


The  program  will  output  in  a print  plot  form,  any  calculated  system 
variable  versus  time-  The  time  interval  between  plotted  points  is  input 
on  the  first  general  control  card. 

When  using  the  print  plot  routine,  it  should  be  noted  that  101  points 
are  the  maximum  that  can  be  plotted  on  one  page.  When  more  than  101  points 
are  requested,  the  plot  is  continued  on  an  additional  page(s). 

The  line  variables  which  can  be  selected  are  the  pressures  and  flows 
calculated  for  each  line  point.  The  component  variables  which  can  be  selected 
are  listed  in  paragraph  8.2. 
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8.1  OUTPUT  OF  LINE  VARIABLES 


To  output  pressures  and  flowc  at  any  of  the  calculated  points  along  a 
line,  the  line  number  of  plots  along  the  line,  and  distances  along  that 
line  from  the  assumed  upstream  end  have  to  be  input.  Unfortunately  since  the 
speed  of  sound  varies  with  temperature,  vhe  line  is  not  always  divided  into 
the  same  number  of  segments. 

Hence,  when  a distance  along  a line  is  selected,  it  is  unlikely  to  he  a 
junction  point  between  line  segments.  The .program  picks  the  nearest  junction 
point  and  outputs  or.  the  plot  the  distance  of  this  junction  from  the  upstream 
end  of  t'ne  line.  The  distance  is  input  normally  for  a pressure  plot  and  as  a 
negative  distance  fo*"  a flow  plot.  NOTE:  The  number  of  cards  used  must  equal 

the  number  of  "line  plot  data  cards." 


8 . 2 OUTPUT  OF  COMPONENT  VARIABLES 

The  component  variables  to  be  output  are  selected  from  Tables 
8.2-1  through  8.2-102. 

The  total  number  of  component  variables  to  be  plotted  should  equal 
the  number  of  pairs  of  data  on  the  following  cards. 
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TABLE  8.2-11 


BRAN 11 

PROGRAMMED  VARIABLE  SELECTION 


Number 

Name 

Description 

Dimension 

1 

— 

Cavatation  Volume  when 
Multiplied  by  Calculation 
Time  Interval 

. 3 
in 

8.2-3 


/ 


TABLE  8.2-22 
VALV22 

PROGRAMMED  VARIABLE  SELECTION 


Number 

Name 

Description 

Dimension 

8 

— 

Cavatation  Volume  - 

When  Multiplied  by  Calculation 

Time  Interval 

. 3 
in 

8.2-4 


TABLE  8.2-31 


CVAL31 

PROGRAMMED  VARIABLE  SELECTION 


Number 

Name 

Description 

Dimension 

4 

VNEW 

Poppet  Velocity 

in/sec 

5 

ANEW 

Poppet  Acceleration 

. , 2 
m/sec 

6 

XNEW 

Poppet  Position 

in. 

8.2-5 


TABLE  8.2-51 


PUMP51 

PROGRAMMED  VARIABLE  SELECTION 


imber 

Name 

Des  cription 

Units 

7 

PACTU 

Pressure  in 

Actuator 

psi 

14 

VELACT 

Compensator 

Actuator  Velocity 

in/sec 

15 

DISACT 

Compensator 

Actuator  Position 

in 

16 

disvlv 

Compensator 

Valve  Spool  Displacement 

in 

4 

QACTU 

Flow  from  Outlet  to  the  Actuator 

cis 

25 

QOUTLT 

Net  Pumping 

Flow  into  Outlet  Volume 

cis 

5 

QACTC 

Flow  from  Actuator  to  the  Case 

cis 

1 

PRPM 

Pump  Speed 

rpm 

2 

TORQUE 

Pump  Torque 

in-lb 

B . 2 -b 


.•rw 


TABLE  8.2-54 
PUMP54 

PROGRAMMED  VARIABLE  SELECTION 


Number 

Name 

Description 

Units 

7 

PACT7J 

Pressure  in  Actuator 

psi 

14 

VELACT 

Compensator  Actuator  Velocity 

in/sec 

15 

DISACT 

Compensator  Actuator  Position 

in 

16 

disvlv 

Compensator  Valve  Spool  Displacement 

in 

4 

QACTU 

Flow  from  Outlet  to  the  Actuator 

cis 

25 

QOUTLT 

Net  Pumping  Flow  into  Outlet  Volume 

cis 

5 

QACTC 

Flow  from  Actuator  to  the  Case 

cis 

1 

PRPM 

Pump  Speed 

rpm 

2 

TORQUE 

Pump  Torque 

in-lb 

8 .2-7 
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TABLE  3.2-62 
RSVR62 

PROGRAMMED  VARIABLE  SELECTION 


Number 

Name 

Description 

Dimension 

9 

P2 

Reservoir  Pressure 

psi 

1 

QNET 

Net  Reservoir  Flow 

• 3, 
in  /sec 

10 

DUM 

Reservoir  Volume 

. 3 
in 

8.  1-8 


TABLE  8.2-71 


ACUM71 

PROGRAMMED  VARIABLE  SELECTION 


Number 

4 


Name 


PO 

PG 


Description 
Oil  Pressure 


Gas 


Pressure 


Dimension 

psi 

psi 


8 


IVOLO 


Oil  Volume 


a 


TABLE  8.2-81 

FILT81 

PROGRAMMED  VARIABLE  SELECTION 

Number 

Name 

Description 

Dimension 

3 

PRESSB 

Pressure  Outside  of  Element 

psi 

4 

PRESSE 

Pressure  Inside  of  Element 

psi 

8.2-10 


TABLE  8.2  - 99 


CAD  99 

PROGRAMMED  VARIABLE  SELECTION 


Number 

Name 

Description 

Dimension 

3 

- 

Left  Outlet  Elevon  Position 

deg 

4 

- 

Left  Inbd  Elevon  Position 

deg 

5 

- 

Right  Outbd  Elevon  Position 

deg 

6 

- 

Left  Inbd  Elevon  Position 

deg 

7 

- 

Rudder  Command  (rate  limited) 

deg 

8 

- 

Speedbrake  Command  (rate  limited) 

deg 

13 

- 

Angle  of  attack 

deg 

14 

- 

Sideslip  angle 

deg 

8.2-11 


TABLE  8.2-101 


ACT101 

PROGRAMMED  VARIABLE  SELECTION 

Number 

Name 

Description 

Dimension 

5 

PP1 

No.  1 Cylinder  Pressure 

psi 

6 

PP2 

No.  2 Cylinder  Pressure 

psi 

1 

X 

Piston  Position 

in 

2 

VEL 

Piston  Velocity 

in/sec 

18 

LOADEX 

External  Load 

lb 
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TABLE  8.2-102 
ACT102. 

PROGRAMMED  VARIABLE  SELECTION 


Number 

Name 

Description 

1 

X 

Piston  Position 

in. 

2 

VEL 

Piston  Velocity 

in . /sec 

5 

LOADEX 

External  Load 

lb. 

6 

PI 

No.  ].  Cylinder  Pressure 

psi 

7 

P2 

Mo,  2 Cylinder  Pressure 

psi 

Table  8.2  - 106 
ACT106 

PROGRAMMED  VARIABLE  SELECTION 


Number 

Name 

Description 

Dimension 

VC 

Body  Flap  Command 

— 

2 

— 

Body  Flap  Position 

deg 

9 

VRT 

Body  Flap  Motor  Velocity 

rpm 

Table  8.2  - 107 


ACT107 

PROGRAMMED  VARIABLE  SELECTION 


Number 

Name 

Description 

Dimension 

1 

VC 

Rudder  command 

volts 

2 

VC+1 

Speedbrake  command 

volts 

8 

RPOSL 

Left  panel  position 

deg 

9 

RPOSR 

Right  panel  position 

deg 

12 

VRT 

Rudder  motor  velocity 

rpm 

13 

VSBT 

Speedbrake  motor  velocity 

rpm 

8.2-15 


9.0  COMPUTER  OUTPUT 


The  time  history  print  plots  of  flow,  pressure,  and  component  state 
variables  form  the  basic  output  of  the  program.  By  the  addition  of  simple  write 
statements,  the  output  can  also  be  written  to  files  for  storage  and  subsequent 
processing  or  to  the  output  for  printing.  Since  there  are  so  many  ways  of 
handling  the  output  information,  each  dependent  on  the  user’s  local  facilities, 
it  is  pointless  to  discuss  the  details  of  how  to  transfer  files,  etc. 

In  looking  at  the  time  history  plots,  it  is  a mistake  to  think  in  terms 
of  a steady-state  type  response.  The  flow  at  one  end  of  a line  is  often  grossly 
different  from  that  at  the  other  end  due  to  the  charge  and  discharge  effects 
that  can  occur.  The  user  should  also  beware  of  inputting  unrealistic  rates 
of  valve  opening  and  closure,  since  these  can  exaggerate  any  latent  transient 
problems. 

In  system  design,  the  user  should  be  on  the  lookout  for  transients  due 
to  the  sudden  filling  of  closed  end  lines  in  both  the  pressure  and  return 
systems.  The  user  will  soon  become  aware  of  what  problems  to  look  for,  and  the 
experience  gained  in  using  HYTRAN  will  help  in  both  the  detailed  analysis  or 
the  intuitive  approach  to  solving  problems. 

Figures  9.0-1  through  9.0-14  show  output  for  the  example  system,  Figure 
3.0-1.  Several  iterations  have  been  omitted  in  the  calculated  steady  state 
values  (Figure  9.0-4)  and  only  the  first  and  last  groups  of  calculated  data 
are  shown.  Pressure  and  flow  plots  are  taken  at  various  points  throughout 
the  system  initially  showing  steady  state  conditions  with  only  leakage  flow 
for  .01  seconds. 
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FIGURE  9.0-1 

FLUID  AND  LINE  DATA  FOR  EXAMPLE  SYSTEM 
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FIGURE  9*. 0-2 

COMPONENT  INPUT  DATA  FOR  EXA^LE  SYSTEM 
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FIGURE  9.0-3 

STEADY  STATE  INPUT  DATA  FOR  EXAMPLE  SYSTEM 
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FIGURE  9.0-4 

STEADY  STATE  CALCULATION  DATA  FOR  EXAMPLE  SYSTEM 
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FIGURE  9.0-4  (Continued) 

STEADY  STATE  CALCULATION  DATA  FOR  EXAMPLE  SYSTEM 
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FIGURE  9.0-5 

PRESSURE  PLOT  FOR  A POINT  0.0  IN.  ALONG  LINE  1 OF  EXAMPLE  SYSTEM 
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FIGURE  9.0-6 

FLOW  PLOT  FOR  A POINT  0.0  IN.  ALONG  LINE  1 OF  EXAMPLE  SYSTEM 


9.0-9 


FIGURE  9.0-7 

FLOW  PLOT  FOR  A POINT  0.0  IN.  ALONG  LINE  5 OF  EXAMDLE  SYSTEM 


FIGURE  9.0-8 

PRESSURE  PLOT  FOR  A POINT  0.0  IN.  ALONG  LINE  5 OF  EXAMPLE  SYSTEM 
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FIGURE  9.0-10 

FLOW  dlOT  FOR  A POINT  30.0  IN.  ALONG  LINE  9 OF  EXAMPLE  SYSTEM 
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FIGURE  y.U-11 

FLOW  PLOT  FOR  A POINT  0.0  IN.  ALONG  LINE  15  OF  EXAMPLE  SYSTEM 
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FIGURE  9.0-12 

PRESSURE  PLOT  FOR  A POINT  0.0  IN.  ALONG  LINE  15  OF  EXAMPLE  SYSTEM 
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FIGURE  9.0-13 

PRESSURE  PLOT  FOR  A POINT  30.0  IN.  ALONG  LINE  15  OF  EXAMPLE  SYSTEM 


